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 Following Seldinger’s approach to intravascular catheterization for fi rst 
 diagnostic angiography and then for catheter-based interventions, it was real-
ized that this technique could provide access for catheter placement in other 
anatomical spaces besides blood vessels. 

 From this adult world, it was appreciated by the early pioneers in the 
yet-to-be recognized speciality of pediatric interventional radiology that, 
with modifi cation, these procedures could be adapted to children. 

 The early days before ultrasound, which were later followed by computed 
tomography and magnetic resonance imaging, saw the development of pedi-
atric angiography for diagnosis. It was recognized that, as in the adult prac-
tice, therapeutic catheter techniques could be adopted for children leading to 
seminal procedures including bronchial artery therapy for massive and other-
wise fatal hemoptysis from cystic fi brosis. 

 Drainage and biopsy techniques developed alongside the evolution of 
diagnostic and catheter-based therapies in children. 

 Whereas procedures of angioplasty, thermal ablation, and laser therapy 
were adopted from the adult IR world, the new speciality of vascular anomaly 
diagnosis and therapy is primarily pediatric, so much so that a pediatric inter-
ventionalist with special expertise may be the lead physician in a vascular 
anomalies speciality group and moreover be using therapies which do not 
require image guidance. 

 A reputation for excellence in pediatric interventional radiology particu-
larly with vascular anomalies and other specialized therapies will attract 
patients beyond the normal referral areas. 

 As this book emphasizes, pediatric interventional radiology is very much 
a consultation service involved in clinical care with early morning rounds 
with a team including residents and nurse practitioners working long hours 
into the evening providing a care that is either unique to the speciality or can 
compete very favorably with surgical specialities in terms of economy, ser-
vice, and outcomes. 

 With a changing health care system, pediatric interventional radiology 
 services provide safe, prompt service by dedicated, trained practitioners. 
They will continue to expand and evolve with the adaptation of new tech-
niques and technologies. 

 Pediatric interventional radiology makes a difference.  

    Los Angeles ,  California ,  USA       Philip     Stanley      

   Foreword   
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 About 25 years ago, a few pioneering radiologists began performing “special 
procedures” in pediatric patients. Since that time, the practice of pediatric 
interventional radiology (PIR) has come a long way. It has spread throughout 
children’s hospitals around the world; dedicated fellowship programs have 
been developed; the number of pediatric interventional radiologists continues 
to grow, and the Society for Pediatric Interventional Radiology was recently 
created. During that time, the number and types of PIR procedures have con-
tinued to expand and evolve. 

 With the ongoing evolution of our specialty in mind, we welcome you to 
    Pediatric Interventional Radiology :  Vascular and Non - Vascular Interventions . 
To our knowledge, this is the fi rst textbook solely dedicated to the array of 
interventional procedures performed in infants and children. 

 Our aim in creating this book was to provide concise, easy-to-read descrip-
tions regarding the performance and periprocedural care relating to a wide 
array of interventional radiology procedures in infants and children. 

 This book is targeted at anyone who performs or wishes to obtain further 
knowledge on minimally invasive, image-guided procedures in infants and 
children. We envision that the book will be used as an educational resource 
for residents, fellows, adult interventionalists, and diagnostic radiologists. 
The book and its summary tables were created to as a reference source for 
both pediatric and adult interventionalists. 

    Book Organization 

 The introductory section of the book highlights the unique elements of clin-
ical pediatric practice that are necessary to provide safe patient care. The 
remainder of the book covers major vascular and non vascular PIR proce-
dures. The organization will be procedure specifi c with secondary area 
classifi cation. Pediatric neurointerventional procedures are not included 
in this book.  

  Pref ace   
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    Chapter Organization 

 In general, procedural chapters start with an overview of the procedure 
 followed by chapters that highlight information important to specifi c indica-
tions. For example, the arteriography section begins with an overview of 
basic angiographic techniques and equipment. Subsequent chapters discuss 
renal, pulmonary, bronchial, and GI angiography. 

 Procedural chapters are organized using a standardized format to provide 
easy access to information. Chapters are organized to describe the following:
•    Background information  
•   Indications/contraindications  
•   Equipment

 –    Recommendations are provided for varying patient sizes when possible 
or applicable     

•   Pre-procedure work up  
•   Procedure technique  
•   Post procedure monitoring  
•   Follow-up    

 Within each chapter, images, illustrations, and tables provide quick access 
to information. Each chapter ends with a point form chapter summarization 
containing essential information in one easy-to-access location.   

    Toronto ,  ON ,  Canada       Michael     Temple   
      Indianapolis ,  IN, USA         Francis     E.     Marshalleck      

Preface
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 Introduction

Interventional radiology techniques are increasingly 
being applied to children as pediatric interventional 
radiology (IR) services are being developed and 
expanded in institutions worldwide. The practice 
of interventional radiology (IR) within a pediatric 
setting shares many similarities to that in an adult 
practice but has some specific or unique differences 
[1–4]. This chapter outlines many practical consid-
erations involved in a pediatric PIR service: the 
interventional suite itself, the delivery of a pediatric 
service and program, and the operation of a pediat-
ric PIR clinic. The next chapter will outline various 
clinical aspects of care during the pre-, intra-, and 
post-procedure phases. Inevitably there will be 
some overlap between these chapters, but inten-
tionally these will be kept to a minimum. Procedure-

specific aspects of care will be addressed in each 
individual chapter. The examples included through-
out both chapters are drawn from the authors’ 
experience to highlight those points of difference 
from an adult practice and to provide examples of 
both common pediatric situations and uniquely 
pediatric clinical scenarios.

 Evolution of Pediatric IR

From the outset, interventional radiology proce-
dures have been performed in children, even  during 
the early years of the field of IR. For instance, the 
first published paper on percutaneous nephrostomy 
included a case report of three patients, two of 
whom were children [5]. Just as the field of “adult” 
IR developed within diagnostic radiology depart-
ments, there was a parallel evolution within 
several pediatric radiology departments. Pioneering 
 pediatric radiologists sought creative minimally 
invasive ways to resolve urgent clinical problems, 
leading to early PIR procedures [6, 7]. While many 
PIR procedures and devices are adapted from exist-
ing “adult” techniques, pediatric interventionalists 
are continually modifying them to suit the needs of 
children. In addition, many pediatric diseases and 
pathologies are distinctly different from those seen 
in adults, so for certain pediatric clinical situations, 
there is no suitable adult equivalent. The develop-
ment of uniquely pediatric solutions or modifica-
tions has therefore been driven by clinical need 
(e.g., percutaneous cecostomy for children with 
spina bifida and fecal incontinence) [8, 9].

B. Connolly, M.B., F.R.C.P.(C). (*) 
Image Guided Therapy, Diagnostic Imaging,  
The Hospital for Sick Children, University of Toronto,  
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Originally practiced in only a handful of 
 centers worldwide, pediatric PIR has steadily 
grown and is now widely—though not yet uni-
versally—available. While it is clearly a subspe-
cialty of both pediatric diagnostic radiology and 
adult IR, pediatric IR is being increasingly recog-
nized as a unique subspecialty with its own dis-
tinct opportunities and challenges. In 2007, the 
maturing field of PIR reached another formal 
milestone with the development of a new society, 
the Society of Pediatric Interventional Radiology 
(SPIR) [10].

As with any new business line (e.g., adult IR, 
“general” IR, or PIR), the building of a pediatric 
IR service requires dedicated equipment, person-
nel, space, resources, and a commitment on the 
part of the institution [2, 11, 12]. Without such 
resources, growth and development is extremely 
slow if not impossible. In addition to these physi-
cal components necessary for success, a pediatric 
PIR program must also assume a large element of 
clinical care into its practice in order to flourish 
and a willingness on the part of the interventional-
ist to be a clinician as outlined by Dotter in 1968. 
It is no longer adequate for an IR program—adult 
or pediatric—to limit itself to providing the tech-
nical aspects of care by performing its procedures 
in isolation [13]. Rather, there is an appropriate 
expectation that interventional radiologists, like 
other treating physicians, provide a clinical ser-
vice beyond the procedural period itself. This rep-
resents a shift in focus and a new emphasis for IR 
practices over the last several decades, which is 
necessary for several reasons outlined below.

It is not medically acceptable to perform a 
requested procedure without ensuring that it is 
indicated, appropriate, and technically feasible 
and that its risks and benefits have been fully con-
sidered and explained to the patient. Although a 
referring provider may understand much of what 
is involved in an IR procedure, it is the IR phy-
sician who can best evaluate its applicability to a 
specific patient. He or she is also best qualified to 
evaluate the results of a procedure and to recog-
nize the early signs of an unexpected outcome. 
In addition to improving the safety of procedural 
care, establishing IR as a consultative service 
rather than a technical one improves the overall 

medical experience for patients and their families. 
Better medical care is provided through 
 longitudinal continuity of contact with the team 
before and after the procedure. Therefore, when 
assessing the requirements of a pediatric PIR ser-
vice, one must include the clinical care component 
as a vital requirement and integral part of the pro-
gram. A modern pediatric PIR service extends 
well beyond the procedure room to include ward 
rounds and an IR clinic. As a PIR service further 
develops into a more complete program, it includes 
other aspects of care such as audit,  morbidity and 
mortality reviews, quality impro vement programs, 
fellowship training, and education [14].

There is no one “right way” to create a pediatric 
PIR program. Each program will have a  different 
style or character and will evolve to suit the envi-
ronment and individual needs of the hospital and 
patient population it serves. Once established the 
pediatric interventional program must adapt and 
embrace change, so as to continue to survive and 
grow. Given the wide variety of local needs, regu-
lations, referral patterns, and specialty services, 
there will necessarily be some diversity in 
 application of the basic requirements, although the 
 fundamental needs and structure of a clinical ser-
vice do not vary. By learning from the successes of 
different approaches adopted, one can apply those 
successful features of other programs—adult or 
pediatric—that have applicability or are suitable to 
one’s own environment.

 Requirements for a Pediatric  
IR Service

Although many successful IR programs evolved 
from humble beginnings—using portable C-arms 
in operating room space, diagnostic fluoroscopy 
suites, or shared resources with cardiology and 
being staffed by physicians who worked primarily 
as diagnostic imagers or adult interventionalists—
it is inappropriate in the modern era to contem-
plate starting a pediatric PIR program without 
dedicated resources. At a minimum, these include:
 (a) IR suite – suitable procedure room(s)
 (b) Equipment—appropriate imaging and 

procedural

B. Connolly et al.
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 (c) Personnel—physician, team, and support 
personnel

 (d) IR clinic and longitudinal clinical care
 (e) Building and growing an IR service— 

commitment from all stakeholders
At the other end of the spectrum, many already 

established IR programs are evolving with the 
creation of hybrid suites for combined proce-
dures with other disciplines, e.g., surgery, cardi-
ology, etc.

 IR Suites

 Room Features
The IR room(s) may be located within the diag-
nostic imaging department or the operating 
room or may be freestanding units in a separate 
space, depending on local factors such as avail-
able space and historic and political factors. 
Pediatric IR suites should be large enough to 
accommodate patient populations of all types, 
from the patient in the neonatal intensive care 
unit (NICU) in an incubator to the adult-sized 
teen in a large bed. In addition to fixed equip-
ment (the angiographic unit, anesthesia logans, 
and machines), the rooms must also hold mobile 
equipment such as an ultrasound unit and 
accommodate any additional pieces of equip-
ment that may be brought by other teams who 
may perform concurrent procedures in the IR 
suite (e.g., an endoscopy tower for combined 
biliary or urological interventions). Around all 
the fixed and mobile equipment, the IR rooms 
must have sufficient space for safe access to the 
patient by the IR team, anesthesiology, and vis-
iting teams, which may be present. The rooms 
should have restricted or limited access to pub-
lic traffic. Ideally, they should also meet the 
standards for strictly sterile procedures (e.g., for 
port insertions), including being compliant with 
the required number of air changes per hour 
(ACH) for operating room standards (e.g., ACH 
of 15/h). Of course, they must be lead lined to 
meet the radiation safety standards, dictated by 
the equipment housed in the room.

 Equipment

 Imaging Equipment
Ultrasound (US) plays a more significant role in 
pediatric PIR than it does in adult PIR. Given 
their lack of abdominal fat and smaller size, the 
neonate and child are ideally suited to the use of 
US for image guidance. US guidance is therefore 
used in many pediatric procedures, which in 
adults would be performed using CT guidance. 
Advantages of ultrasound include its inherent 
lack of ionizing radiation, its ability to provide 
real-time guidance (which increases speed), an 
enhanced visualization of vascular structures, and 
increased versatility. Therefore, the ultrasound 
machine itself is a major piece of equipment for 
pediatric PIR.

The US scanner used for pediatric PIR 
 procedures should be a high-end machine with 
color Doppler capability and a wide variety of 
probes suitable for procedures on children of all 
sizes and ages (500 g neonate to >100 kg teen-
ager). The US must be capable of providing 
adequate visualization of a wide range of struc-
tures, from the very superficial <1 mm vein 
being targeted for PICC placement in a baby to 
the small  nodule deep in the liver of a large 
teenager being targeted for biopsy. It is there-
fore necessary that there be a wide range of 
probes available. Some of the most frequently 
used probes include:
 (a) 15 MHz small “hockey stick”-type probe 

(e.g., for vascular access, joint and tendon 
injections)

 (b) 8 MHz vector probe (e.g., for intercostal 
access/mediastinal approaches/pleural drain-
age, infant nephrostomy, liver and renal 
biopsies) [15]

 (c) 5–7 Mhz curved probe (e.g., large patient 
organ biopsies, deep pelvic drainage)

 (d) Endocavitary probe (e.g., transrectal) with a 
guide (e.g., for pelvic abscess drainage)

 (e) 10–12 MHz linear probe (e.g., for neonatal 
percutaneous cholecystography, superficial 
pulmonary lung nodule localization and 
biopsy) [16, 17]

1 Overview of Pediatric Interventional Radiology: Clinical Care
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Newer equipment with sophisticated software 
that smoothes the ultrasound image for diagnos-
tic purposes can, ironically, have a negative 
impact upon the visualization of needles used for 
intervention. The preset imaging parameters may 
therefore need to be adjusted to improve needle 
resolution for IR work. The capability of angled 
or steered beams with some of the newer tech-
nologies has the potential to overcome some of 
this limitation. Many US probes have attachable 
needle guides, the use of which can make a 
 procedure faster and more accurate with less 
need for needle repositioning compared with 
freehand technique, depending on user experi-
ence and preference.

Many pediatric PIR services perform proce-
dures at the bedside in the NICU or the pediatric 
intensive care unit (PICU). A portable US 
machine is invaluable for these procedures. 
Image quality is still of primary concern, but with 
improving resolution among the newer genera-
tion of small portable and even laptop-based 
machines, some of these devices are now ade-
quate for the simpler type of bedside procedures. 
Having such a machine available (in addition to a 
dedicated unit in the IR suite) increases flexibil-
ity and efficiency in the IR schedule, as it can be 
taken to the floor without interfering with ongo-
ing cases in the suite [18].

Endovascular ultrasound (IVUS) is a newer 
modality that has many potential applications for 
vascular diagnosis and intervention. It is a helpful 
adjunct in certain situations. Having such a 
machine available in the IR suite is ideal, but not 
an absolute necessity at this point in time [19, 20].

The X-ray equipment built into a pediatric IR 
suite should be chosen with pediatrics and radia-
tion protection in mind (see Chap. 2). The imaging 
chain should be capable of low-dose fluoroscopy 
(e.g., 1, 3, 7 pulses/s and greater), last image hold, 
and electronic zoom. Many new units are capable 
of capturing fluoroscopy loops, which provide ade-
quate resolution for the purpose of documentation 
in some situations (e.g., venous stenosis or collater-
als during placement of a venous access device) but 
with significant radiation reduction as compared to 
traditional digital image acquisition. High-quality 
digital subtraction angiography (DSA) is necessary 

for evaluating large and small vessel diseases  
in  children. Biplane imaging is very important in 
pediatric IR. In addition to its classic role in adults 
for neuroangiography and cardiac interventions, 
biplane is useful in a wide range of other pediatric 
procedures because the simultaneous acquisition of 
images in two planes reduces injected contrast vol-
ume and improves safety of accessing small organs 
(such as the stomach for G tube placement, infant 
kidneys for nephrostomy placement, or infant the-
cal sac for lumbar puncture).

The functionality and dose reduction features 
of X-ray equipment continue to evolve. Rotational 
angiography, virtual CT, and remote guides have 
become standard on new angiographic machines. 
The traditional image intensifier has been 
replaced with digital flat panel technology with 
associated benefits of dose reduction for children. 
However, it is important that the actual presets, 
parameters, and outputs of the equipment as 
 suggested by the manufacturer are assessed and 
measured to ensure that the settings are opti-
mized and tailored for children to achieve maxi-
mum dose savings with adequate image resolution 
[21]. Pediatric-specific protocols need to be 
developed for each institution. Easily accessible 
information is available for pediatric dose reduc-
tion in PIR, CT, and fluoroscopy at the Image 
Gently website, including the Step Lightly section 
(www.imagegently.org) [22].

 Non-imaging Equipment
Each room should have adequate ambient lighting 
and more focused, directional task lighting at the 
procedure table for catheter and wire manipula-
tion, suturing, and other technical aspects of work 
undertaken during a wide variety of procedures 
(e.g., subcuticular suturing for port insertion, 
mixing sclerosants or embolic agents, examining 
adequacy of a biopsy specimen). Each room 
should be equipped to provide general anesthesia 
to children of all ages. This includes having piped 
gases and suction, as well as physiological moni-
toring (ECG, O2 saturation, capnography, and 
invasive venous or arterial pressures). An assorted 
range of BP cuffs appropriate for all ages is 
 necessary for noninvasive blood pressure measur-
ing in neonates, infants, children, and teenagers. 
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These physiological parameters need to be 
 displayed in real time and visible by the operator, 
the anesthesia/sedation team, and others who may 
be involved in monitoring the patient. Ideally, the 
data would also be displayed on slave monitors in 
the control room to permit the team to step away 
during DSA acquisitions.

Temperature control is a very important topic 
in children, as their ability to control their own 
temperature is limited. Infants and young chil-
dren can rapidly lose body heat and become pro-
foundly hypothermic, which negatively impacts 
their ability to withstand stress and infection [18, 
23, 24]. The temperature of most imaging rooms 
is designed to suit high-energy electronic equip-
ment and the leaded, gowned operator and is thus 
lower than would be appropriate for pediatric 
applications. Temperature-preserving equipment 
is therefore vitally important. Devices include 
simple warm blankets, cloth head covers or bon-
nets, plastic covers for the intubated child, warm 
air blowers (e.g., Bair Hugger, Augustine Medical 
Inc., MN, USA), warm air mattresses, and chem-
ical blankets for the very low birth weight 
<1.5 Kg [24]. Monitoring of the child’s periph-
eral and/or core temperature should routinely be 
done for any child <1 year and for older children 
undergoing a procedure of any significant length. 
This can be done using the temperature probe on 
the anesthetic equipment for those under general 
anesthesia but must also be available indepen-
dently for children having procedures under 
IR-administered sedation.

The room should be equipped with a variety of 
lead screens, above table for the head and neck 
region of the operators during hand injections, 
and lead screen skirts to protect the legs of those 
around the table. It is no longer adequate to have 
a table skirt just at the side of the table. Ideally 
leg protection for personnel at the top of the table 
is important, i.e., for the nurse or anesthesiologist 
who may be holding a child and for the operator 
standing at the head of the table, as more proce-
dures are performed from a jugular approach. 
Transparent mobile lead screens are important 
for the anesthesiologist and other team members 
who may be required to stay in the room during 
imaging runs. A supply of personal protective 

devices should be available for the IR team and 
visitors to the suite, e.g., lead glasses (prescrip-
tion, nonprescription, over personal glasses), lead 
gloves, and a variety of sizes of lead aprons with 
thyroid shields.

A fully equipped pediatric crash cart should be 
available nearby. It must contain a range of sizes 
and appropriate selection of oral airways, endo-
tracheal tubes, masks for bag-mask  ventilation, 
as well as resuscitation drugs with  weight- based 
dose calculation tables. A defibrillator with both 
pediatric- and adult-sized paddles should also be 
available.

In addition to the above requirements, which are 
universal, there is an ever-increasing array of addi-
tional equipment that may be desirable. The spe-
cific needs of a facility will depend upon the types 
of cases being performed there. For example:
• Electrocautery equipment and required 

grounding pads are frequently part of the 
armamentarium of an IR suite that performs 
port insertions, other procedures that require a 
wide incision, or combined procedures with a 
surgical team.

• Image-guided percutaneous radiofrequency 
 alblation (RFA) is the treatment of choice for 
osteoid osteomas; those facilities that perform 
this procedure or that use RFA to treat other 
tumors and lesions in other organs will require 
RF generators, probes, and grounding pads [25].

• Thrombolysis and thrombectomy are increas-
ingly being used in the treatment of pedi atric 
patients with arterial or venous occlusions. 
Mechanical thrombectomy procedures require 
dedicated catheters, pumps, and other 
devices [26].

• Interstitial or endovascular laser technology is 
finding a role in the management of vascular 
malformations, with a concomitant need for 
laser generators, optical fibers, and glasses 
and related protective gear [27]. Local regula-
tions and requirements vary but the use of a 
laser will require compliance with all the 
training and safety requirements and usually 
the presence of a laser safety officer during the 
procedure.

• A variety of other devices, e.g., electric or 
battery-operated orthopedic drills, and a host 
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of other tools can be “owned” entirely by the 
IR suite or can be shared with other services 
[28]. However, in-servicing and training in 
the use of all auxiliary devices is necessary for 
the entire team, as there is potential for adverse 
events with any of them.
Finally, given the acuity of cases that fre-

quently present to an IR lab, having in-room 
point-of-care testing capability for critical labo-
ratory variables is highly desirable. Many test 
units are handheld devices that can provide a 
variety of results based on a tiny amount of blood 
(e.g., iStat, Abbott Laboratories, Abbott, IL). 
Different cartridges are available that will test for 
hemoglobin, electrolytes, glucose, blood gases, 
etc. These devices require regular supervision 
and calibration by the hospital laboratory. IR 
suites, which perform a significant number of 
cases with anticoagulation, may own or have 
access to an ACT machine to measure the 
patient’s anticoagulation status.

 Personnel

 Personnel of the Pediatric IR Team
Making the commitment to provide IR services 
requires that the institution provide appropriate 
infrastructure and resources. A critical and diffi-
cult aspect of this obligation is recruiting and 
retaining the personnel who run the program. 
Since, as already described, IR has evolved into a 
broad clinical service, its staffing needs have 
expanded from the core team of nurse, technolo-
gist, and interventionalist to include midlevel 
practitioners, hospitalists, Child Life specialists, 
pediatric vascular access specialists, sedation spe-
cialists, administrative personnel, etc. [2, 3, 29].

The core team that actually performs IR 
 procedures includes nurses, medical radiology 
technologists, interventional radiologists, and, in 
the pediatric environment, anesthesiologists. 
At some institutions, nurses and technologists 
rotate through IR from other modalities, thus pro-
viding a broad pool of individuals with various 
specialized expertise in other imaging modalities 
(e.g., CT). Other institutions utilize a team of 
nurses and technologists who are specifically 

assigned to IR. The latter fosters a cohesive team 
spirit and enhances the expertise and comfort 
level with procedures and devices that are unique 
to IR. There is no single credentialing process for 
nurses and technologists who wish to become 
members of the pediatric PIR team. Most come 
with related prior experience, and they train on 
the job to acquire the unique set of skills needed. 
Ideally a nursing background might include 
experience in a high-acuity area, such as NICU or 
PICU, or emergency department (ER) nursing.

Like their nurse and technology colleagues, 
the physicians who enter the field of pediatric 
interventional radiology do so without a single 
specific credentialing pathway. Some do fellow-
ships in diagnostic pediatric radiology, others in 
adult interventional radiology, and many have 
done both [30]. This varied training is often 
reflected in their subsequent practices, which 
may include both diagnostic and interventional 
radiology or a combination of adult and pediatric 
IR. These mixed interests and skill sets are actu-
ally quite beneficial during the building phase of 
a pediatric PIR program, when the case volume 
may initially be too low to support a dedicated 
pediatric interventionalist. Conversely, having 
some degree of cross coverage by primarily diag-
nostic pediatric radiologists or by adult IRs is 
very helpful in sharing otherwise onerous call 
coverage and has the added benefit of providing 
additional expertise and skills which might be 
difficult for a solo pediatric interventionalist to 
achieve in an isolated practice [30].

It is clearly understood that children under-
going painful or unfamiliar procedures may be 
frightened and unable to cooperate fully. Therefore, 
providing conscious sedation, such as in a child 
undergoing PICC placement, or, more often, deep 
sedation or general anesthesia is an indispensable 
component of a pediatric IR practice. The specific 
process for delivery of sedation will vary by insti-
tution, with some using nurse-administered seda-
tion under IR supervision, others using OR-based 
anesthesiologists, and still others using ICU, ER, 
or roving sedation teams [30, 31]. Irrespective of 
the approach used, it is imperative that those 
administering sedation have the knowledge, skill, 
and judgment to do so safely and that they be 
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 capable of managing the pediatric patient who 
experiences respiratory compromise or other com-
plications of sedation. Usually this requires PALS 
certification. The topic of sedation is dealt with in 
detail in another chapter (Chap. 3).

Other important team members are the Child 
Life specialists who provide unique service to the 
pediatric patient during procedures using a vari-
ety of distraction techniques [32]. They provide 
the child with coping mechanisms that empower 
them and maximize their ability to cooperate, 
thereby reducing the need for sedation. These 
individuals can make the difference between suc-
cess and failure during an interventional proce-
dure. Furthermore, by improving the quality of a 
patient’s experience during a given procedure, 
the participation of a Child Life specialist can 
significantly reduce the fears of children who 
must undergo subsequent repeat procedures.

The longitudinal clinical work required out-
side the IR suite may be performed primarily by 
a member of the core IR team (interventionalist, 
IR fellow, or IR nurse) or by an additional IR 
staff person such as nurse practitioner. Having an 
individual dedicated to clinical management 
allows that effort to occur in parallel with the pro-
cedural work, thereby reducing disruptions to the 
daily schedule. In many cases, the salary of this 
person can be paid through the billable work that 
he or she provides. Patients who are admitted to 
the hospital for observation or recovery after a 
procedure are, in many institutions, managed by 
the IR service alone, while in others they are 
admitted to a hospitalist service with the IR team 
following. Each facility needs to arrive at a 
 system that best suits its patient population and 
procedure mix. Irrespective of the approach 
adopted, the inclusion of adequate staff, time, 
and resources to provide longitudinal clinical 
participation and ward rounds into the IR practice 
is now a standard of care requirement [2, 3].

Other important but commonly overlooked 
members of the IR team are the staff who 
 schedule cases and those who maintain and turn 
over the procedure rooms. The daily schedule in 
an IR suite is usually a fluid one, with frequent 
adjustments being necessary to accommodate 
urgent procedures. In most active centers, such 

“add-on” cases constitute more than half of a 
day’s workload. It is imperative that the individu-
als who manage this schedule have a good under-
standing of the procedures being requested 
and maintain close communication with the oper-
ating team. Similarly, those who turn over a 
room between procedures—quickly cleaning and 
restocking it—are integral to the overall effi-
ciency of the practice. The competency and skill 
level of these team members are crucial to the 
efficiency of the IR service. As respected and 
integral members of the team, these individuals 
have a role that can be rewarding and fulfilling, 
with opportunities to interact with patients and 
their families.

Despite all the different roles described above, 
it is critical for patient safety and quality of care 
that the successful IR team function as a unit 
[33]. Different tasks are suited to different unique 
professional roles, but the highest quality care 
can only be achieved through mutual respect and 
a shared ownership of the overall effort by all 
team members.

Pediatric IR Clinic and Longitudinal Care
Members of the IR team are the group of health- 
care professionals most knowledgeable about 
the risks and complications of their procedures. 
The IR team therefore must play a pivotal role in 
the periprocedural care of its patients. It is the IR 
service that should determine and organize the 
necessary preprocedure investigations tailored to 
the planned IR procedure (e.g., blood work, 
imaging, anesthesia consults, etc.). Similarly, it is 
the IR team which should directly manage or, at 
the very least, actively follow its patients post pro-
cedure to ensure that complications are recog-
nized and appropriately addressed. This activity 
does not have to be done in isolation, but may be 
done in conjunction with a hospitalist or specialty 
services as needed [1, 33]. Although initially 
daunting for many interventional radiologists, 
assuming this broad clinical role can be assimilated 
gradually, over time becoming the routine way of 
practice. Just as embracing the philosophy of ward 
rounds pre and post procedure was a change for 
many proceduralists, so too the development of a 
clinic-based practice, providing longitudinal and 
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excellent patient care, is a natural evolution. The 
development of a pediatric PIR clinic is a natural 
outgrowth of this endeavor [34–36].

While a few simple image-guided procedures 
can be scheduled and performed without consul-
tation by the IR service (e.g., cecostomy (C), 
 gastrostomy (G), gastrojejunostomy (GJ) tube 
checks and changes), most require some level of 
IR evaluation prior to treatment. At one end of 
this consultation continuum is brief assessment 
by the extended IR team if available, such as a 
member of a vascular access service prior to 
venous access device placement or removal, or 
by an enterostomy team or IR nurse for G tube 
assessment. More complex patients may require 
physician consultation with the referring request-
ing service and include a ward visit or a mapping 
ultrasound pre procedure, prior to booking (e.g., 
fluoroscopy and ultrasound mapping to assess 
technical feasibility of a G tube placement in an 
infant with complex abdominal anatomy). Still 
more complex patients—especially outpatients  
—require a full and detailed IR evaluation. 
Procedures carrying material risk, those in which 
the IR procedure is the major therapy responsible 
for an admission, high-risk procedures, and low- 
risk procedures on high-risk patients should be 
preceded by a visit to the IR clinic.

During the IR clinic visit, the interventionalist 
obtains a detailed history and physical assess-
ment, discusses with the family the alternatives 
for treatment, explains the intended procedure, 
creates a management plan, organizes further 
consultations or preprocedure investigations that 
may be required, and obtains informed consent. 
If appropriate, the interventionalist might also 
use the clinic visit to perform some of his/her 
own imaging to assist in planning. For instance, 
if the planned procedure is an ultrasound-guided 
biopsy, he or she may use office-based ultrasound 
to assess the acoustic window, judge the safety of 
access (presence of overlying vessels and adja-
cent critical structures), and determine the ease or 
difficulty of the intended procedure [3].

The IR clinic visit also provides an opportu-
nity to ensure that all procedures planned under 
the same general anesthetic/sedation episode are 
coordinated. This “one-stop shopping” concept is 

very important in pediatrics, where numerous 
unrelated procedures may be planned for the 
same anesthetic event in an effort to reduce the 
total number of such events. Although this can 
be logistically challenging for the various ser-
vices that may be involved, parents and children 
appreciate the efforts of health-care professionals 
to coordinate all of the involved teams and their 
necessary equipment. Timing of the separate pro-
cedures during a “one-stop shopping” visit, or 
sequencing of events in a combined procedure, 
must be thought through to ensure one procedure 
does not negatively impact the ability to perform 
another. IR can lead this initiative and invite the 
other specialties to perform their procedure in 
their IR suites. IR can advocate for the patient 
and be a catalyst for change in the delivery of 
pediatric care. In addition to the safety aspect of 
minimizing the episodes of anesthesia for a child, 
this can also minimize parent or guardian time 
lost from work and patient time lost from school. 
One factor that impacts the success of pediatric 
medical care is the impact on and support for the 
family. For this reason, consideration of family 
issues, as in the philosophy of “family-centered 
care,” is very important as it has been shown to 
improve clinical success of pediatric interven-
tions as well as family and staff satisfaction [37].

In addition to facilitating the coordination of 
clinical issues, a preprocedure clinic visit has 
other benefits. It offers the patient and family a 
valuable opportunity to meet members of the 
team, thereby creating a physician–patient 
 relationship without the stress that exists on the 
day of a procedure, and allows time for the fam-
ily to assimilate all the information provided. 
Furthermore, the clinic setting conforms to the 
expectation that patients have of meeting their 
physicians in an office setting. This is how they 
interact with other clinical specialties, and it 
should also be the norm for IR. Thus, as the pedi-
atric IR clinic becomes established in a program, 
it becomes the gateway for most patients into the 
IR system [2].

The IR clinic also plays a valuable long-term 
role as the setting for follow-up after procedures 
(e.g., RFA of osteoid osteomas). During these visits, 
the IR team is able to assess for complications or 
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problems (e.g., reassessment of a pseudoaneurysm 
post thrombin injection) and to discuss and 
arrange subsequent procedures that might be 
required (e.g., further interventions for a vascular 
malformation). Follow-up clinic visits also pro-
vide a forum for further education and may 
thereby prevent future problems (e.g., manage-
ment of a new C tube so as to prevent tube, site, or 
bowel problems). Often they can be linked to 
imaging studies to assess the status of a device 
(e.g., biliary or ureteric drains, follow-up and 
evaluation of an abscess with a persistent fistula), 
thereby keeping the number of repeat hospital vis-
its minimum. This provides assurance for families 
that they are not abandoned by the system but 
have ongoing resources available to them.

The specific needs of each IR clinic will vary 
with the volume of the IR practice, the nature and 
type of its cases, and the clinical setting of the 
institution. However, for a pediatric PIR clinic, 
sufficient space must be available to accommo-
date the family (usually at least the patient and 
two parents), a child’s stroller or wheelchair, and 
the toys and distraction tools necessary to occupy 
a child. Some advocate that IR clinics should be 
physically located with other outpatient clinics, 
sharing common space with other specialties. 
The advantage of such a configuration is that IR 
is then viewed by peers and patients’ families as 
a full clinical service on par with other special-
ties. A very different option is to create clinic 
space within or adjacent to the IR suite itself. 
This proximity allows clinic visits to be inte-
grated with the IR procedure schedule and 
 seamlessly provide any imaging that may be 
required. Yet another arrangement is to establish 
multidisciplinary clinics targeting specific 
pathologies (e.g., combined IR–plastic surgery 
clinic for vascular malformations). Such clinics 
facilitate complex treatment planning and reduce 
the time burden on patients and families. Ultimately, 
the physical arrangement chosen is of less 
 importance than is creation of the IR clinic itself, 
no matter how simple or humble its beginnings.

The time allocated to IR clinic activities will 
depend on the nature of the practice and the avail-
ability of physician extenders. Clinic activities 
need to be incorporated into the physician 

 schedule to ensure there is sufficient time for 
both new patient consults and return visits. 
Published figures from adult IR and general 
 pediatric clinics suggest time allocations of 60 
and 15–30 min, respectively, for these appoint-
ments [2, 38].

Documenting the clinic visit is of critical 
importance. It creates a record of the IR team’s 
assessment of the clinical situation, outlines the 
rationale for a treatment plan, and may be indis-
pensible in communicating that information to 
other providers and to the patient’s insurance 
company. Radiologists are accustomed to dictat-
ing radiology reports and to the use of radiology 
information systems and PACS, but they are not 
generally familiar with direct medical correspon-
dence. Yet while detailed radiology reports are 
invaluable in documenting a procedure and may 
reveal some clinical involvement, a personal let-
ter written to a referring physician, outlining the 
patient’s IR clinic visit and the resulting manage-
ment plan, is an extremely powerful tool [2, 3]. 
A letter is recommended over a radiology report 
for clarity and quality of care and for marketing 
and communication with other medical colleagues 
and referring physicians.

IR Clinic Coordinator
While the final decision-maker in treatment 
 planning for patients in the IR clinic may be a 
physician, the person responsible for day-to-day 
operation of the clinic and the main point of con-
tact for patients and their families is more likely 
to be a nurse or midlevel provider. The role of a 
pediatric PIR clinic coordinator is a valuable and 
rewarding one and can be tailored to the specific 
IR clinic population. The IR clinic coordinator is 
involved at all stages of interaction with the 
patient, pre, peri, and post procedure. He/she 
plays an important role in taking the history, per-
forming the physical assessment, and organizing 
any relevant investigations prior to the procedure. 
During a visit, it is often the coordinator who 
explains any planned procedure, in terms the 
child can understand, and allays as much anxiety 
as possible. He or she can give a virtual tour of 
the procedure suite through pictures or computer 
images, so the child understands what to expect. 
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The coordinator/nurse can discuss coping strategies 
and pain medications beforehand (e.g., Child 
Life, distraction techniques using videos, music, 
ipod, etc.). He/she also is an important contact 
for the patient after discharge should any need 
arise. Many clinics use these individuals to make 
post-procedure phone calls to enquire about 
patient progress following invasive procedures. 
In this way, any unexpected issues can be identi-
fied early and triaged for referral to the interven-
tionalist as needed.

As the IR clinic evolves, the IR clinic coordi-
nator has the opportunity to be involved with 
 creating information pamphlets for patients and 
their families. Through firsthand experience, the 
coordinator knows the common concerns, the 
frequently asked questions, and the common 
pieces of advice that are required. Some may find 
it fulfilling and rewarding to create paper pam-
phlets or electronic web-based information tools 
for procedural information, preparation, consent, 
and informed discharge. Such patient guides pro-
vide the families with take-home documentation 
and ensures consistency of message between 
 different practitioners.

 Building and Growing an IR Service

Interventional radiology is unique as a medical 
specialty in that much of its contribution to an 
institution, through the minimally invasive 
approaches it employs, is in costs saved rather 
than charges generated. Reduced morbidity, short-
ened hospital stays, and decreased use of higher-
cost procedures done in an operating room (OR), 
impact strongly on a balance sheet, but their spe-
cific dollar value is not readily quantified. Nor can 
one put an exact price upon the enhanced prestige 
that accrues to an institution when it offers truly 
comprehensive pediatric care and the greater will-
ingness of outside referrers to send patients to 
such an institution. To be sure, elective outpatient 
procedures done by a pediatric PIR service can 
and do produce high-dollar billing opportunities 
that might not otherwise exist, but to focus solely 
upon those opportunities is to vastly undervalue 
the whole of the pediatric PIR service.

Considering these points, and also bearing in 
mind the relatively high capital costs of equip-
ping a pediatric IR service, it is evident that 
 having the support of administration is of vital 
importance. Building a good business case is 
essential, but beyond that the approach required 
to leverage support from administrative leaders 
will depend upon the individual institution and 
the health-care system of the country in question. 
While some administrators will recognize the 
larger picture that includes revenues generated 
and costs saved, others will not see beyond the 
business case, billing, and expected profit. Both 
groups may be concerned about the issue of turf 
conflicts with other specialties (e.g., vascular sur-
gery), with other disciplines, and even with the 
IRs’ own diagnostic colleagues. For those rea-
sons, a newly proposed IR service is far more 
likely to meet with administrative approval if it 
targets a need unmet by existing competitors than 
if it seeks to share an existing patient population. 
It may be necessary to begin with a smaller and 
narrower focus than one hopes to achieve in the 
longer term. Are patients going to the OR for 
open biopsies? If so, propose a CT- or ultrasound- 
guided biopsy alternative. Are they being sent to 
another facility for embolization of vascular mal-
formations or for RFA of liver masses? If so, start 
there. Even the most limited patient group can, 
over time, form a strong foundation from which 
the value of the service becomes evident and the 
case for expansion can be made.

When starting a service or during times of 
growth, it also behooves the interventionalist(s) 
to have input from, and the support of, other 
members of the team, especially anesthesiology, 
nursing, and technology. These people should be 
actively involved in planning, design, choice of 
equipment, construction, and finally equipment 
installation. The planners should cultivate a good 
working relationship with medical engineering 
and plant and environmental services during any 
construction or renovation project. Time must be 
made in the day to attend frequent planning meet-
ings. The representatives of the team must 
actively participate at the planning meetings to 
ensure their influence is felt. Infection control 
needs to be consulted for advice at various steps 
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along the way. Physical space for the suite should 
be fought for, and given the large numbers of 
health-care workers and sometimes different 
teams involved in combined procedures, as much 
space as possible should be acquired for the IR 
room(s).

Even if the physical space has already been 
allocated, developing an IR service requires hard 
work in a multipronged approach, at various 
 levels. It requires active liaison with referring 
teams; willingness to assume the clinical roles 
and responsibilities, by paying due diligence for 
patient care pre, peri, and post procedure; col-
laborating with surgical and medical colleagues 
on difficult cases; attending radiology–clinical 
rounds; and an openness to considering new 
strategies for treatments. It also involves advocat-
ing for IR at hospital committee and administra-
tive levels whenever the opportunity arises, as 
well as creating the opportunities for such 
 interactions. All these measures assist in the 
move towards creating an effective service 
and, eventually, a fully operational clinical IR 
program.

A more developed pediatric PIR program 
likely will include various supportive networks or 
systems, which provide the infrastructure to run 
the program efficiently. These might include such 
things as a vascular access service (for triaging 
and troubleshooting vascular access issues), an 
enterostomy service (for triaging and trouble-
shooting G and gastrojejunostomy issues), a vas-
cular malformation service (combined expertise 
with plastic surgery, dermatology, IR), a sedation 
service, dedicated IR morbidity and mortality 
reviews, IR educational/lecture series, IR fellow-
ships, a quality improvement program or QI 
rounds including radiation protection, and 
research and development, to mention just a few 
[14, 39]. All these aspects will draw from differ-
ent areas within the hospital and from different 
disciplines (e.g., dietitians, quality and risk, med-
ical physics, etc.). In this way resources are 
shared and a growing IR service does not need to 
“reinvent the wheel” at every step. Growth and 
development can be achieved by continually 
striving for excellence in clinical care and new or 
better ways to do things.

 Challenges

The challenges faced by IR will vary from center 
to center. Some of these are specific to an institu-
tion or region, but many are shared common 
issues. Examples include workforce shortages 
and the recruitment and retention of staff.  
A workforce survey of PIR published in 2007 
demonstrated a high level of reported burnout 
due to call frequency, lack of department and 
institutional support, and severe difficulty in find-
ing and recruiting qualified PIRs [30]. Others 
struggle with an institutional commitment that 
may vary from day to day, with change in leader-
ship, budget constraints, and competing draws on 
resources. For others, it is the problem of finding 
the funding for optimum equipment, establishing 
admitting privileges, addressing turf issues, and 
sharing procedural space with other services that 
do similar procedures (e.g., general surgical ser-
vice). Pediatric interventionalists face additional 
challenges that are unique to pediatrics, such as 
having reliable access to ancillary services, e.g., 
Child Life services and anesthesiology. Those 
who work in pediatric hospitals must also iden-
tify adult practitioners who are willing and able 
to take over the management of chronic patients 
(e.g., children with epidermolysis bullosa, C 
tubes, and vascular anomalies) once they have 
“graduated” or passed the upper age limit for the 
institution. Avoiding burnout is a common chal-
lenge as one struggles with any of these issues. 
Having a determined, respectful, consistent 
approach to these issues, with a clear business 
case delivered to the correct people at the relevant 
level, is critical for success.

 Summary

Creation, development, or expansion of a pedi-
atric IR service is a multifaceted challenge. 
The main driver or goal is the provision of high- 
quality patient care. This can evolve from simple 
beginnings and grow with time and considerable 
effort into a major program. Attention to 
 equipment, space, and personnel is key. Creation 
of a committed and competent team is vital. 
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Acknowledgment of the clinical role in terms of 
preprocedure assessment and post-procedure 
follow- up is important. Support of the adminis-
tration is crucial to ongoing growth and develop-
ment. Willingness to adapt to change and embrace 
new challenges and opportunities is necessary 
for survival and to avoid stagnation.
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           Introduction 

 This chapter will focus on the clinical aspects of 
delivery of patient care, from periprocedural 
assessment to discharge. Practices will vary from 
institution to institution so several different 
approaches and options are presented in this 
chapter. Many examples from pediatric interven-
tional radiology (PIR), drawn from the authors’ 
experience, are interspersed throughout the text 
to explain a point or to highlight differences 
between pediatrics and adult practices. Several 
tables are included, intended to be useful for 
quick reference, such as defi nitions of relevant 
clinical terms for PIR (Tables  2.1 ,  2.2 ,  2.3 ,  2.4 , 
 2.5 ,  2.6 ,  2.7 ,  2.8 ,  2.9 , and  2.10 ).

            As outlined in Chap.   1    , it is no longer standard of 
care for interventional radiology (IR) physicians 

to perform procedures and leave the entire care 
of the patient to their referring team [ 1 – 4 ]. 
Increasingly IRs are actively involved in the con-
tinuum of patient care, following their patients 
pre- and post-procedure, either in the capacity of 
a consulting service or assuming full responsibil-
ity with admitting privileges. Many IRs without 
admitting privileges are actively seeking to obtain 
such privileges. 

 Details of specifi c procedures are dealt with in 
individual chapters. This chapter will address the 
following general aspects of periprocedural care:
    (a)    Pre-procedure clinical care   
   (b)    Clinical care during the procedure   
   (c)    Post-procedure care      

    Pre-procedure Clinical Care 

    Patient Assessment 

 The requirement for pre-procedure assessment 
depends on the nature of the procedure to be under-
taken and ranges from minimal (such as for a gas-
trostomy tube check) to full IR pre- procedure 
evaluation, as in a patient with complex vascular 
malformation seen in a multidisciplinary clinic (see 
Chap.   1    ). Much of the IR workload can be consid-
ered “service work,” in which case IR provides a 
valuable supportive service for a large number 
of patients referred from a variety of specialties, 
for example, when providing central venous 
access for surgical and oncologic patients. In other 
instances, IR provides the defi nitive therapeutic 
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procedure for a variety of conditions, such as 
embolization of an arteriovenous malformation. 
Irrespective of the type of procedure considered, 
clearly it is important to ensure that the IR proce-
dure requested is indicated and appropriate for that 
individual patient and to weigh the risk factors or 
contraindications prior to undertaking the proce-
dure. Making this assessment may necessitate an 
IR clinic or multidisciplinary clinic visit. At such a 
visit, a clinical history is taken, physical examina-
tion is performed, necessary imaging is reviewed, 
and any required specialty consultation, imaging, or 
blood work is organized.  

    Evaluation of Imaging 

 Careful evaluation of available imaging is impor-
tant in order to confi rm that the procedure, for 
example, a biopsy or abscess drainage, is techni-
cally possible and clinically appropriate. If there 
is any uncertainty about access, choice of modal-

    Table 2.1    Common terms, defi nitions, and calculations 
used in a pediatric practice   

 Term  Term  37 completed 
weeks to 41 weeks 
and 6 days 

 Premature  Preterm  <37 weeks 
 Low birth weight  LBW  <2,500 g 
 Very low birth weight  VLBW  <1,500 g 
 Extreme low birth 
weight 

 ELBW  <1,000 g 

 Small for gestational 
age 

 SGA  BW <10th 
percentile for GA 

 Large for gestational 
age 

 LGA  BW >90th 
percentile for GA 

 Absolute neutrophil 
count 

 ANC  White cell count 
 x  % that are 
neutrophils 

 Severe neutropenia  ANC <0.5 × 10 9 /L 
 Normal urine output  Infants and young 

children: 1.5–2 mL/
kg/h 
 Older children and 
adolescents: 1 mL/
kg/h 

 Estimated body 
weight (in kg) based 
on child’s age 

 Children 1–9 years: 
(age in years × 2) + 8 
 Children >10 years: 
age in years × 3.3 

 Endotracheal tube 
size (internal 
diameter in mm) 

 Infants <1 year: 
3.5 mm (uncuffed) 
 Children 1–2 years: 
4 mm (uncuffed) 
 Children 2–10 
years: 4 + (age/4) 
(uncuffed) 
 Children 2–10: 
3.5 + (age/4) 
(cuffed) 

 Hypothermia  Core temperature
< 35 °C 

    Table 2.2    American Society of Anesthesia—a physical 
status classifi cation system [ 6 ]   

 ASA 1  Normal healthy patient 
 ASA 2  A patient with mild systemic disease 
 ASA 3  A patient with severe systemic disease 
 ASA 4  A patient with severe systemic disease that 

is a constant threat to life 
 ASA 5  A moribund patient who is not expected to 

survive without the operation 
 ASA 6  A declared brain-dead patient whose organs 

are being removed for donor purposes 
 Prefi x “e”  Emergency 

       Table 2.3    Variations in laboratory values with maturity 
and age [ 8 ]   

 Test name  Age  Reference values 
 Activated partial 
thromboplastin 
time (APTT) 

 <3 month  25–35 s 
 >3 month  23–35 s 

 INR  <3 month  0.9–1.6 
 >3 month  0.9–1.1 

 Hemoglobin  <30 days  140–200 g/L 
 1 month  115–180 g/L 
 2 months  90–135 g/L 
 3–11 months  100–140 g/L 
 1–4 years  110–140 g/L 
 5–13 years  120–160 g/L 
 ≥14 years female  120–153 g/L 
 ≥14 years male  140–175 g/L 

 Creatinine  ≤6 days  19–90 μmol/L 
 7–60 days  10–56 μmol/L 
 2 months–5 years  <36 μmol/L 
 6–9 years  <53 μmol/L 
 10–13 years  <79 μmol/L 
 ≥14 years  <98 μmol/L 

 Glucose *  <1 year  2.5–5.5 mmol/L 
 1–2 years  2.5–5.0 mmol/L 
 3–11 years  2.8–6.1 mmol/L 
 ≥12 years  3.3–6.1 mmol/L 

  * 1 mmol/L = 18 mg/dL  
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ity to be used, or suitability for the planned pro-
cedure, this can be resolved by pre-procedure 
“mapping” imaging, ideally performed by an 
interventionalist, with the very specifi c and 
focused questions below in mind (different than 
those asked in a standard diagnostic imaging 
exam):
    (a)    Is the lesion well visualized with this imag-

ing modality, or is another modality required?   

   (b)    Can the lesion be safely accessed percutane-
ously, avoiding interposed vessels and other 
relevant structures, such as bowel or pleura?   

   (c)    What are the risks and benefi ts of different 
trajectories or angles?   

   (d)    What level of sedation/anesthesia is required 
for this patient for this procedure?     

 Mapping imaging may involve ultrasound, 
fl uoroscopy, CT, or a combination of imaging 
modalities (e.g., combination of US and fl uoros-
copy mapping to assess the feasibility of placing 
a gastrostomy tube in an infant with distorted 
abdominal anatomy post diaphragmatic hernia 
repair). Mapping will determine the imaging 
required (e.g., should US or CT be used to access 
a small peripheral pulmonary nodule for biopsy) 
[ 5 ]. Time taken for pre-procedural mapping is 
time well spent, as it improves the accuracy of 
procedure planning, decreases the need for last- 
minute changes to the plan, enables the case to be 
scheduled with the most suitable equipment (e.g., 
CT scanner if needed), and avoids the situation 
where the patient must be moved during a case 
or, even, the procedure canceled. In addition, an 
appointment for mapping gives the parents and 
child an opportunity to visit the IR department 
and meet members of the team. The results of the 
mapping imaging are shared with the referring 
physician and the family, and a plan to proceed 
(or not proceed) is reached. This visit also pro-
vides an opportunity to obtain informed consent 
well in advance of the procedure, which is prefer-
able to obtaining written consent immediately 
prior to the procedure, as the more relaxed setting 
allows a more adequate consent process for the 
family.  

    Consultations 

 Specialty consultation may need to be arranged 
prior to a procedure. Most commonly this involves 
an anesthesia consultation, usually  indicated in 
children with known airway diffi culties, complex 
cardiopulmonary problems, or American Society 
of Anesthesiology (ASA) Class 4 or 5 (Table  2.2 ) 
[ 6 ]. Additional investigations if required by the 
anesthesiologist are arranged in advance of the 

    Table 2.4    Fasting guidelines for GA or sedation (may 
vary slightly from institution to institution) [ 8 ]   

 Clear fl uids  2 h 
 Breast milk  4 h 
 Infant formula/cow’s milk  6 h 
 Solids  8 h 

    Table 2.5    Example “time-out” checklist   

 All team members to stop what they are doing and take 
part in time-out 

 • Staff present 
   – Operator(s) 
   – Anesthesiologist 
   – Nurse 
   – Technologist 
 • Patient name 
 • Patient identifi cation 
 • Patient diagnosis/history 
 • Procedure to be performed 
 • Procedures by other services to be performed 
 • Written consent 
 • Correct site and correct side marked (on patient) 
 • Patient allergies 
 • Blood work reviewed 
 • Last menstrual period/pregnancy test results 
 • Prophylactic antibiotics 
 • Correct name on imaging equipment 
 • Correct orientation on equipment 
 • Correct side markers in place on equipment 
 • Radiation protection equipment in place 
 • Grid in/out 
 • Any potential adverse events expected 
 • Equipment for adverse events inside/outside of room 
   – Crash cart 
   – Blood warmer 
   – Blood products 
   – Warming lights/blankets for neonates 
 • Equipment for procedure in room 
 •  Any other concerns or comments from any team 

member in room? 

2 Periprocedural Care in Pediatric Interventional Radiology
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procedure (e.g., in an acute setting, an ECG, 
 cardiology consultation, and echocardiography in 
a patient with a large anterior mediastinal mass 
pre-biopsy to evaluate pulmonary artery and 
venous fl ows, vascular compression, as well as the 
cardiac ejection fraction)    [ 7 ]. Other examples 
include an ophthalmology consultation to evalu-
ate eyes/vision prior to management of a perior-
bital vascular malformation or a cardiology 
consult in a child with cardiac symptoms or signs.  

    Blood Analyses 

 Blood work is frequently requested as part of the 
pre-procedure workup, individualized to the patient 
and procedure risk factors. Common examples per-
tinent to a pediatric practice are included, and the 
normal, abnormal and variations of values with age 
are shown in Table  2.3  [ 8 ]. 

    Hematology 
•     Complete blood count (hemoglobin, platelet, 

neutrophil counts): Normal ranges of hemo-

globin vary with patient age and gestation, as 
well as with local laboratory ranges  (sample 
values Table  2.3 ). Severe neutropenia (abso-
lute neutrophil count <0.5 × 10 9 /L) in an 
immunosuppressed child may represent a rel-
ative contraindication for certain procedures, 
e.g., gastrostomy tube insertion.  

•   Coagulation screen (PTT, INR): Coagulation 
parameters vary with patient age and gestation 
(Table  2.3 ). Guidelines for acceptable values 
have been drafted for IR procedures in adults [ 9 ].  

•   Sickle cell testing for sickle cell disease: May 
be required to plan for pre-procedure hydra-
tion, oxygenation +/− transfusion [ 10 ].  

•   Blood products: Consider type and screen if 
bleeding    is a recognized complication (e.g., 
liver or kidney biopsy), or cross-match for 
units of packed red blood cells if greater risk 
of signifi cant bleeding (e.g., angioplasty). 
Repeat type and screen is necessary after 
3 days, or if blood products have been given in 
the interim. Blood products (e.g., FFP, plate-
lets, cryoprecipitate) must be organized to 
be available if needed, and ideally only used if 
necessary, to avoid the potential for adverse 
reactions and disease transmission to the 
patient [ 11 ].     

    Biochemistry 
•     Electrolytes: In certain patients, assessment of 

the patient’s electrolyte levels is indicated. For 
example, abnormal serum K + , Ca 2+ , and Mag +  
levels may need to be corrected to reduce the 
risk of wire-induced cardiac arrhythmia.  

     Table 2.6    Age-appropriate normal estimates of weight, endotracheal tube size, and vital 
signs [ 8 ,  24 ]   

 Age 
 Weight (kg) 
(approx)  HR awake  HR sleeping  RR  BP  ETT size 

 Birth  3.5  85–205  80–160  30–60  65/40  3.0–3.5 
 6 months  7.5  110–160  80–160  24–38  85/50  3.5–4.0 
 1 year  10  90–150  75–160  22–30  90/55  4.0 
 3 years  14  80–125  60–90  22–30  92/55  4.5 
 5 years  18  70–115  60–90  20–24  95/58  5.0–5.5 
 10 years  30–32  60–100  50–90  16–22  100/62  6.0–6.5 
 12 years  40  60–100  50–90  16–22  106/62  6.5 
 14 years  45  60–100  50–90  14–20  110/66  6.5–7.0 

    Table 2.7    Abnormal vital signs in infants and children 
[ 8 ,  24 ]   

 Age 
 Pulse 
rate/min 

 Blood pressure 
(systolic) 

 Respiratory 
rate/min 

 ≤3 months  <80 or >200  <60 mmHg  <30 or >60 
 3–12 months  <80 or >180  <65 mmHg  <24 or >50 
 1–10 years  <60 or >150  <70 + (2 × age 

in years) 
 <22 or >40 

 • 10 years  <60 or >120  <90 mmHg  <12 or >30 
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•   Creatinine: The creatinine level is important 
prior to the use of large volumes of iodinated 
contrast (Table  2.3 ).     

    Other 
 For invasive procedures in patients with complex 
conditions (e.g., hemophilia or diabetes melli-
tus), blood work is usually managed in coopera-
tion with the referring teams to determine 
adequate coagulation factor levels, serum glu-
cose, fi brinogen, etc. 

   Medications 
 Review of the patient’s medications is important to 
ensure that specifi c medications are discontinued 
(e.g., antiplatelet agents for 5 days prior to the pro-
cedure, anticoagulants for required time interval, 
etc.) [ 9 ]. Parents will need advice regarding 
 continuation of vital oral medications to be taken 
the morning of the procedure with the minimal 
amount of water possible (e.g., antiseizure medi-
cations). Preparatory medications must be planned, 
e.g., bowel-cleansing agents (Pico- Salax, Ferring 
Inc., North York, Ontario, Canada) and clear fl uid 
diet for 48 h pre-cecostomy tube insertion, steroid 
premedication for radiographic contrast allergy, 
and timing of tetracycline pre- bone biopsy for 
bone histomorphometry in osteoporosis [ 12 – 14 ].  

   “One-Stop Shopping” 
 In the pediatric population, it is worthwhile from 
the perspectives of resource utilization and 
patient safety and convenience to plan for several 
procedures under one sedation. This needs to be 
addressed during the work-up period and 
takes foresight and effort to coordinate. It is 
important to ensure that all the planned procedures 
are compatible together and that the order of pro-
cedures is optimal, i.e., that the performance of 
one does not prevent or interfere with the next 
procedure (e.g., a US-guided abdominal proce-
dure should precede introduction of intraperito-
neal gas during a laparoscopic procedure).  

    Table 2.8    Commonly used drugs (in alphabetical order)   

 Name  Dose 

 Acetaminophen  15 mg/kg PO 
 Adenosine  0.1 mg/kg/dose IV rapidly 
 Cefazolin  30 mg/kg/dose IV 
 Cefoxitin  30 mg/kg/dose IV 
 Diphenhydramine  1–2 mg/kg/dose IV (anaphylaxis) 
 Fentanyl  1 μg/kg/dose IV 
 Flumazenil  10 μg/kg IV over 15 s. Wait 

1–3 min. Repeat up to four times 
 Glucagon  0.02–0.03 mg/kg/dose. Max dose 

0.5 mg <20 kg; 1 mg > 20 kg 
 Heparin  50–100 units/kg to max 5,000 units 

loading dose 
 Ketamine  0.25 mg/kg/dose IV 
 Midazolam  0.05 mg/kg/dose IV; 0.5 mg/kg/dose 

PO <20 kg; 0.3 mg/kg/dose >20 kg 
 Morphine  0.05 mg/kg IV dose 
 Naloxone  0.001–0.01 mg/kg/dose for narcotic 

reversal in sedated patients 
 Sucrose  23–32 weeks: up to 0.5 mL PO 

2 min prior to procedure 
 32–37 weeks: up to 1 mL PO 2 min 
prior to procedure 
 >37 weeks: up to 2 mL PO 2 min 
prior to procedure 
 All infants who are NPO: up to 
0.5 mL PO 2 min prior to 
procedure. Dose may be 
administered in increments of 2-min 
intervals for prolonged procedures; 
divided or repeated to the maximum 
daily dose. Maximum daily dose: 
four times in 24 h 

 Topical anesthetic  Lidocaine (Maxilene) topical 
anesthetic cream: 2 %—thin layer 
to skin 
 Tetracaine (Ametop) 4 % cream/
patch—thin layer to skin 

     Table 2.9    IV Fluid maintenance and bolus guidelines   

 Maintenance 

 Weight  Daily volume  Hourly volume 

 1–10 kg  100 mL/kg/day  4 mL/kg/h 
 11–20 kg  50 mL/kg/day  2 mL/kg/h 
 >20 kg  20 mL/kg/day  1 mL/kg/h 
 Bolus 
 Hypovolemic 
shock 

 20 mL/kg bolus, 
repeat prn 

 Give rapidly 
over 5–10 min 

 Cardiogenic 
shock 

 5–10 mL/kg 
bolus, repeat prn 

 Give slowly over 
10–20 min 

  Examples: 
 Maintenance 23 kg child daily: 1000 mL + 500 mL + 60 mL
= 1560 mL/day (~65 mL/h) 
 Maintenance 23 kg child hourly: 40 mL + 20 mL + 
3 mL = 63 mL/h (~1512 mL/day)  
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   Informed Consent 
 Informed consent before an interventional case is 
a signifi cant part of any IR practice, but espe-
cially so in pediatrics. The consent process may 
take longer and be signifi cantly more detailed 
than adults. It is usually obtained from a substi-
tute decision maker (SDM) such as a parent or 
guardian. Obtaining adequate and appropriate 
consent is truly a process rather than a single event 
or a form-fi lling exercise [ 15 ,  16 ]. Adequate time 
spent on the consent process, in addition to being 
an ethical imperative, is invaluable in increasing 
compliance with the preparation, procedure, and 
follow-up, in patient and family satisfaction, and 
in establishing rapport prior to the case in the 
event of complication. Sometimes the parents 
need to meet on more than one occasion, in order 
to fully accept their child’s condition and under-
stand treatment options. They should meet a 
member of the team in the IR clinic or during an 
assessment on the ward, and have the opportunity 
to ask their relevant questions and consider all the 
options, before signing consent. Parents are fre-
quently too stressed immediately before a proce-
dure to comprehend a detailed explanation of 
a procedure and its risks. Ideally therefore, when 
time permits, informed consent should be 
obtained in advance of the procedure in a sepa-
rate encounter with the parents, even if separated 
by a few hours or the day before, rather than 
immediately prior to the patient entering the IR 
suite. Sitting with them, explaining in under-
standable terms, and providing diagrams and 
written material in advance of the procedure time 
are all strategies to ensure a SDM has the best 
opportunity to absorb the content fully which in 
turn supports informed decision making [ 17 – 19 ]. 
At the time of the procedure, they may wish 

to revisit some issues previously discussed, to 
refresh or clarify their understanding. 

 The responsibility of the interventionalist is to 
outline material risk [ 15 ]: those risks that are 
common but may be minor (e.g., site problems 
with a gastrostomy tube), those that are rare but 
severe (e.g., death), as well as the recognized 
risks in the range between that the average person 
would wish to know (e.g., central venous catheter- 
related thrombosis, infection). It is also important 
when possible to involve the pediatric patient in 
the discussion to the extent that is appropriate for 
their age, obtain a verbal assent, and address the 
child’s worries or concerns [ 20 ]. It is necessary to 
document the risks that were discussed. A signed 
written consent must be obtained from the SDM 
and placed in the medical record.  

   Atypical Situations for Consent 
 In diffi cult clinical/psychosocial situations, 
where it is not clear what the proper or advisable 
course of action is, it may be helpful to contact 
the Bioethics Department or even the Risk 
Management Department for advice: 

  Age . In some jurisdictions there is no lower limit 
of age for consent, and the concept of maturity 
has replaced chronological age [ 15 ]. In these 
jurisdictions, as long as the patient has an under-
standing of the procedure, its implications, and 
the alternatives, they may sign. Some older teen-
agers prefer to sign their own consent, which is 
legally valid in some jurisdictions. In other juris-
dictions, the patient must be over 18 years to 
sign. In common practice, however, most parents 
or guardians provide written consent, even for 
teenage patients [ 20 – 22 ]. 

      Table 2.10    Sodium recommended in routine post-procedure fl uids   

 Fluid  Na +  mmol/L  K +  mmol/L  Dextrose g/100 mL  Tonicity 

 D5W (dextrose 5 % in water)  0  0  5  Hypotonic 
 D10W (dextrose 10 % in water)  0  0  10  Hypotonic 
 NS (normal saline, 0.9 % NaCl)  154  0  0  Isotonic 
 ½ NS (half normal saline, 0.45 % NaCl)  77  0  0  Half-isotonic 

  
2

3
1

3
2

3
1

3: dextrose and saline( )
   

 45  0  3.33  Hypotonic 

 Ringers lactate  130  4  0  Isotonic 
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  Legal status . In pediatrics, obtaining consent 
through SDM (parents and guardians) may 
pose specifi c additional ethical/legal diffi culties. 
It is important to clarify that the person giving 
consent is in fact the legal guardian (e.g., in 
blended families, grandparents with signing 
authority). Procedures planned for children who 
are in the care of child protection services require 
that the consent is obtained through their case 
worker. Informing and involving the biological 
parent is, however, usually appropriate, even if 
they do not actually sign the consent. 

  Cultures . In certain families, the parent may dic-
tate that the child is not informed or given minimal 
information about the procedure. This may prove 
stressful for the physician obtaining the consent. A 
balance needs to be achieved between the child’s 
right to know and the parent’s opinions. 

  Religious . Religious beliefs may infl uence con-
sent, especially with respect to giving of blood 
products or DNR status. In most institutions, 
legally approved consent forms are available that 
have been approved by representatives or religious 
elders of the group, such as Jehovah’s Witness. 

  Telephone . Consent may have to be obtained over 
the telephone if person-to-person consent is not 
possible. This is not uncommon in the case of a 
newborn where the mother is at an obstetric facil-
ity or parents are at home looking after siblings. 
Distance adds an emotional strain for the parents 
when giving consent. It is good practice, and in 
many facilities required, that a witness (another 
health-care professional such as a nurse or IR 
team member) cosign the consent form with the 
interventionalist, attesting that the person has 
understood what has been explained and that they 
give approval to proceed. 

  Emergency . In cases of emergency without 
 parents present, the referring physician or two 
physicians in some jurisdictions may give con-
sent. He or she must document and sign to that 
effect in the medical records [ 22 ]. 

  Off - label . Parents must be informed of any use of 
devices or drugs that are not approved, special 

access, or “off label,” e.g., intrasalivary injections 
of Botox for drooling in children with cerebral 
palsy [ 23 ]. 

  Alterations . Some parents may wish to change 
part of the institution’s consent form, e.g., dictate 
that no fellow be involved in the procedure. 
In academic institutions, this can be challenging. 
It is usually not advisable that the form be altered 
and it is prudent to seek advice from the Risk 
Management Team or the hospital’s lawyers in 
such situations.  

   Information Pamphlets 
 Information pamphlets, which provide parents 
with simple, direct, clear facts either in paper or 
online format, are valuable resources in terms of 
increasing access to information and providing 
consistent information. Parents usually welcome 
as much information as possible and appreciate 
the ability to review it at their own pace. Diagrams 
and sketches are helpful to explain many con-
cepts or procedures.  

   Fasting Status 
 The guidelines for fasting vary slightly from 
institution to institution and it is important to 
operate within them. In general, the guidelines 
for sedation are similar to those for general anes-
thetic. Although fasting from midnight may be 
suitable for adults undergoing an anesthetic, this 
is inappropriately long for most young children. 
Prolonged fasting for solids or liquids may 
result in dehydration and/or hypoglycemia. 
A commonly used and simple to remember rec-
ommendation is the “2, 4, 6, 8 rule” (Table  2.4 ). 
Vital medications (e.g., antiseizure) may be given 
with a small amount of water.     

    Clinical Care During Procedure 

 Sedation and anesthesia are dealt with in Chap.   3    . 
Specifi c aspects of clinical care pertinent to each 
different procedure type are also addressed in 
detail in individual chapters. This section deals 
with the more general principles/aspects of clini-
cal care during a procedure. 
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 Even for the most minor of cases (e.g., gas-
trostomy tube change), it is imperative that the 
room is equipped with suction, oxygen, and 
masks for bag-mask ventilation and that these are 
checked, available, and functioning at the start of 
each day. Consideration should be given as to 
whether the parent will be in the room, distrac-
tion techniques (DVDs, etc.), and the need for a 
Child Life worker to be with the child. In the 
event of an adverse outcome during a procedure, 
there is increasing evidence to support that the 
parent or family member stay during the resusci-
tation [ 24 ]. It is often helpful for the family to be 
present. Parents of chronically ill children are 
usually comfortable with medical equipment and 
emergency procedures. It has generally been 
found not to be disruptive or stressful for the staff 
[ 24 ]. In the event of such an occurrence, there 
needs to be a person assigned to be with the par-
ent, to explain, comfort, and support the family—
and should the need arise to respectfully ask the 
family to leave if their presence is considered 
detrimental to the resuscitation. 

    Checklists and Time-Out 

 In recent years the use of safety measures includ-
ing pre-procedure “huddles,” checklists, time- 
outs, and others has become the norm prior to an 
invasive procedure [ 25 – 27 ]. The “huddle” is 
valuable prior to bringing a patient into the suite, 
to discuss patient-specifi c issues, review the plan 
for the procedure(s), ensure that all necessary 
equipment is available, including blood if neces-
sary. It is also important to share with the team 
pre-procedure information such as the side of the 
table one plans to work at as it may infl uence 
room set up (e.g., a left-sided empyema for pleu-
ral drainage), the need for bladder catheteriza-
tion, or the need for an NG tube. 

 At the time-out, personnel in the room ensure 
that all necessary aspects of the case/concerns are 
known, the correct patient is present, the correct 
procedure is going to be done, the correct site has 
been identifi ed and marked, informed consent for 
all procedure(s) has been obtained, allergies are 
noted, need for pre-procedure prophylactic antibi-
otics is determined (noting that to be effective, 

prophylactic antibiotics must be given within 1 h 
of “knife/needle-to-skin”), pregnancy status deter-
mined (date of last menstrual period, pregnancy 
test result), the correct name is on the imaging 
monitors, radiation protection equipment is in 
place (e.g., table skirt), grid is in or out, and orien-
tation of imaging is correct (e.g., when performing 
CT fl uoroscopy, correct patient orientation is 
selected, prone or supine, head or feet fi rst, and the 
working side of the table). All members of the 
team in the room should stop momentarily to lis-
ten and participate in the time-out. Any antici-
pated adverse events should be raised (e.g., known 
airway compromise, expected blood loss, possible 
bradycardia/asystole during mechanical throm-
bectomy) and the presence of the necessary equip-
ment in the room is ensured (e.g., fl exible 
bronchoscope, blood products, correct French 
size, and length of double J stent). Some centers 
insist on a team introduction during the time-out 
(see Table  2.5 ) [ 25 ]. 

 Organs with laterality (e.g., kidney) or those 
with multiple options (e.g., joints in hands or 
feet) should be marked pre-procedure [ 27 ]. It is 
imperative to mark the correct sites before the 
child is sedated, with involvement and agreement 
of the parents. The marking should be with a safe 
skin marker and using the operators’ initials 
rather than an “X” or “*.” 

 At the end of the procedure, another “time- 
out” ensures that the correct specimens have been 
labeled and sent to the laboratory as required, 
allergic dressings are avoided, and all the 
requested procedures have been done before the 
child is awakened [ 25 ]. This is especially relevant 
in the “one-stop shopping model,” to ensure that 
all the teams have attended. The team(s) must 
discuss post-procedure orders to ensure that there 
is no confl ict between orders from different 
teams.  

    Monitoring 

 The level of monitoring during a case depends 
not just on the level of sedation or anesthesia but 
also on the invasiveness of the procedure. 
For example, a liver biopsy under local anes-
thetic, even without sedation, still carries the risk 
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of signifi cant bleeding and therefore monitoring 
and documentation of blood pressure and pulse is 
important during the procedure; drainage of a 
large volume of ascites requires monitoring of 
pulse, blood pressure, and respirations because of 
fl uid shifts. Usually the minimum requirement is 
electronic heart tracing, continuous oxygen satu-
ration measurements, pulse rate, and intermittent 
blood pressure records. These values must be 
interpreted within the norms for the child’s age 
(   6, 7) and within the trend for the individual 
patient. Temperature monitoring is especially 
important in the younger child, who can rapidly 
lose body heat. Hypothermia is defi ned as a core 
temperature <35 °C, and temperatures <36 °C 
should be avoided especially in the neonate [ 28 ]. 
Equipment requirements for such monitoring are 
discussed in Chap.   1    . Documentation of monitor-
ing during the procedure is imperative, in the 
form of an anesthetic record, sedation record, or 
another monitoring record for cases done under 
local anesthetic, such as PICC insertion or para-
centesis. The record provides a pattern or trend of 
the child’s vital signs for comparison in the 
recovery phase (Table  2.6 ).  

    Medications/Fluid Management 
Pre-, Per-, and Post-procedure 

 As pediatric patients come in all sizes and weights, 
medication dosages must be calculated according 
to patient weight. Some drugs frequently used in 
PIR are shown in Table  2.8 . With respect to intra-
venous fl uids, consideration must be given to fl uid 
regimens (Tables  2.9  and  2.10 ). There are stan-
dard maintenance fl uid regimens calculated 
according to patients’ weights (Table  2.9 ). These 
are suitable for the majority of children. However, 
in specifi c groups of children, these may be harm-
ful, in volume and/or constituents. Some of these 
clinical situations will be beyond the expertise of 
many pediatric interventionalists; it is incumbent 
on the IR team to seek advice from those most 
expert in that specifi c fl uid management. 
Examples of such circumstances are shown:
•    Renal impairment—fl uid restriction, impaired 

potassium, and sodium balance: the advised 

fl uid management should be discussed with 
the referring or attending nephrologists.  

•   Cardiac disease—unable to tolerate routine 
fl uid maintenance volumes without causing 
cardiac decompensation: fl uids should be 
given cautiously and ideally with advice from 
cardiologists.  

•   Metabolic disorders—unique needs for chem-
ical composition and volume requirements 
pre- and post-procedure, e.g., avoidance of 
hypoglycemia in glycogen storage disorder 
type 1. These become especially challenging 
if fasting is expected to extend post-procedure, 
e.g., post-gastrostomy tube insertion.  

•   Diabetes mellitus—usually successfully man-
aged by the consulting endocrinology service 
who manages their insulin and IV fl uids.  

•   Diabetes insipidus—has large fl uid and sodium 
requirements, should be the fi rst case of the 
day, should have their urine output monitored 
during the procedure (if necessary via bladder 
catheter), and should have care taken to avoid 
hypovolemia and serious sodium shifts.  

•   Ketogenic diet for intractable seizures—is 
maintained within a tight range of ketosis and 
requires avoidance of sugar in most situations.  

•   Hemoglobinuria—double fl uid maintenance 
is usually required.    
 In addition to general considerations of fl uid 

volumes, there is concern with respect to the 
amount of sodium recommended in routine 
 post- procedure fl uids. Traditionally a glucose- 
containing solution with little salt (hypotonic) 
was employed in the past, e.g., Dextrose 5 % and 
2/3:1/3—hypotonic fl uids (see Table  2.10 ) [ 29 ]. 
However, cases of severe iatrogenic hyponatre-
mia with resulting morbidity and mortality have 
been reported in hospitalized children, especially 
in the post-procedure period [ 30 ]. With recogni-
tion of the adverse effects of hyponatremia in 
children, a salt-containing isotonic solution dur-
ing the periprocedural period is now recom-
mended in pediatrics to avoid the effects of low 
sodium [ 31 ]. Use of glucagon during IR proce-
dures can lead to transient rise in blood sugar 
 followed by a rebound hypoglycemia. Therefore, 
IV fl uid maintenance with a glucose-containing 
solution is important and checking serum glucose 
may be necessary post-glucagon [ 32 ]. 
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 Volume of iodinated contrast given is important 
especially in the young child. Although 3 mL/kg. 
is considered the conservative limit in diagnostic 
imaging procedures, this can be exceeded to 
approximately 6 mL/kg. when spread over the 
period of time during an IR procedure, e.g., angi-
ography [ 33 ]. Careful recording of the volume of 
contrast administered throughout the entire pro-
cedure is necessary, both in terms of hand and 
pump injections. Use of dilute contrast (50:50) 
will frequently be adequate for visualization and 
results in less contrast load. The recorder, either 
the nurse or the technologist in the room, should 
alert the operator intermittently to the total con-
trast volume used. Use of small volume syringes 
(e.g., 3 cm 3 ) to draw up the contrast helps avoid 
inadvertent administration of excessive amounts 
in small children and minimizes wastage.   

    Radiation Protection 

 The topic of radiation protection can be 
approached from a departmental perspective of 
optimum equipment, applications, and safety 
devices (Chap.   1    ), as well as from an individual 
patient/procedure perspective, including patient 

and occupational dose [ 34 ,  35 ]. The responsibil-
ity for radiation protection at the individual level 
is a shared one resting to a major degree with the 
interventional radiologist and the technologist. 
Radiation awareness is the most important fi rst 
step—awareness about dose for the patient and 
scatter radiation for the whole team. Whenever 
possible, imaging modalities that do not involve 
radiation should be employed, but when X-ray 
imaging is required, there is a responsibility to 
use all available radiation protection options 
and strategies especially in pediatric patients 
and  personal protective devices for the team 
(Table  2.11 ). The following are some of the steps 
the individual provider should consider during a 
procedure [ 36 ].

      Fluoroscopy 

 Keeping the “beam on time” to a minimum is the 
operator’s most effective method to reduce 
patient dose—stepping as infrequently and 
briefl y as possible on the fl uoroscopy pedal, as 
the Image Gentle “Step Lightly” Initiative advo-
cates [ 37 ]. Choosing the lowest pulse rate avail-
able which enables the procedure to be completed 

   Table 2.11       Abbreviated and modifi ed from    the Image Gently “Step Lightly” checklist*   

 
Patient    protection

           
 Personnel protection 

 General  Awareness of patient radiation history  Vigilant about personal fi tted lead aprons, 
thyroid, glasses 

 US vs. X-ray  Use ultrasound, if possible 
 DSA  Plan each run carefully  Use pump injection > hand injection if possible 

 Avoid improper runs  Maximize distance from primary beam 
 Min # frames/s  Use table skirt and hanging shields 

 Short a run as possible 
 Minimize overlapping fi elds 

 Fluoroscopy  Set pulse rate as low as possible  Use table skirt and hanging shields 
 Minimize time with foot on pedal  Keep hands out of primary beam 
 Review and use image saves  when using X-ray (fl uoroscopy) 
 Keep magnifi cation to a minimum  Angle away from hands 
 Use post-processing zoom  Heed alerts re-fl uoroscopy time 
 Collimate, without fl uoroscopy if possible, 
excluding radiosensitive organs 

  Occupational dose is related to patient dose. Steps to reduce patient dose also reduce occupational dose 
 * Source:   www.imagegently.org     
 With permission: The Alliance for Radiation Safety in Pediatric Imaging  
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(e.g., 3 pulses/s) should be used. Optimum imag-
ing is not always required for many procedures 
(e.g., gastrostomy tube change), where the “good 
enough” concept is more applicable. Smoothing 
of the image on current generation equipment 
enables a very low pulse rate to be used without 
a visible staccato effect. In equipment that has a 
removable grid, it is important to remove or insert 
the grid as one switches from a small to a large 
child. Use of collimation limits exposure to 
organs outside of the region of interest and can 
dramatically reduce the patient’s effective dose. 
Newer equipment allows positioning without 
 fl uoroscopy and collimating on a last image 
hold—both excellent ways to reduce patient 
dose. Even without state-of-the-art equipment, 
careful manual positioning, avoidance of panning 
in search of the correct area, and collimation that 
is continuously adjusted as the procedure pro-
gresses, all assist in keeping patient dose to as 
low as reasonably achievable, ALARA [ 34 – 37 ]. 
Judicious use of magnifi cation when needed, 
remembering to switch back down in magnifi ca-
tion when not necessary, and +/− use of post- 
processing zoom are important factors in 
minimizing dose. The technologists play a major 
role in promoting dose reduction by taking the 
necessary steps to protect the patient and the 
team, alerting the operator who is otherwise 
absorbed and focused on the procedure about 
magnifi cation and fl uoroscopy time [ 34 ,  36 ]. A 
useful checklist is available on the Image 
Gently—Step Lightly web site for use (see 
Table  2.10 ) [ 37 – 39 ]. Ultimately, reducing radia-
tion dose comes down to careful practice habits.  

    Exposures 

 Single spot exposures or angiographic runs are 
used if detailed image acquisition is required. 
Careful planning before a run is imperative to 
ensure that the position is correct, collimation is 
appropriately tight, magnifi cation is as low as 
needed, frame rate is suitably adjusted to the 
rate of fl ow (venous or arterial), and contrast vol-
ume and pump settings are chosen properly. 
These will avoid aborted runs or the need to 

repeat a run [ 33 ,  36 ]. Newer equipment permits 
archiving of fl uoroscopy runs, which may be of 
adequate quality to avoid the need for DSA in 
some circumstances. There is evidence that, for 
complex lesions, the use of rotational angiogra-
phy results in dose savings, compared with 
repeated imaging in different projections [ 40 , 
 41 ]. An additional clinical advantage of biplane 
imaging or rotational angiography in the pediat-
ric setting is the need for less contrast. If and 
when CT is required, use of low-dose protocols is 
imperative, with signifi cant gains possible by the 
adjustment of parameters including mA, KVp, 
number slices, and area covered [ 42 ,  43 ].  

    Occupational Dose 

 As occupational dose is largely infl uenced by the 
scatter dose from the patient, practices aimed at 
reducing patient dose also reduces scatter radiation 
to the team [ 36 ,  44 ]. Availability and use of per-
sonal protective devices is obligatory (see Chap. 
  1    ). In addition to the use of protective devices, 
careful personal practices and behaviors infl uence 
occupational dose for the individual and the whole 
team. Use of the inverse square law for distance 
from the source is a powerful tool to reduce dose to 
personnel. Approximation of the image intensifi er 
or fl at plate detector to the patient is another exam-
ple of a technique to reduce occupational dose.  

    Supplies 

 For certain conditions, the creation of specifi c 
supply “kits” can be a very practical and helpful 
aid in the clinical management of the patient. 
Although there is a trend toward creating 
 completely latex-free environments in pediatric 
facilities, it is helpful to have a “latex-free box” 
which can be brought in for a patient who is latex 
allergic; all contents are latex-free, so there is no 
doubt as to the whether certain dressings or 
devices contain latex or not [ 45 ]. In another exam-
ple, children with epidermolysis bullosa are now 
living longer and therefore increasingly being 
referred for IR-type procedures (e.g., esophageal 
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dilatation, gastrostomy placement, and venous 
access devices). The creation of an “epidermoly-
sis bullosa box” contains all the appropriate types 
of dressings that are suitable for their skin [ 46 ].  

    Communication and Hand-Off 

 At the end of the procedure, a note must be  written 
in the chart and an appropriate IR team member 
speaks to the parents. Necessary precautions for 
post-procedure recovery are reviewed with the 
recovery team and fl oor nursing staff (e.g., patient 
positioning, serum glucose level checks, etc.). 
Post-procedure orders are written to communicate 
issues of monitoring, fl uid intake (oral or IV), 
antibiotics, time for discharge, etc. A phone call to 
the referring physician is clinically worthwhile 
and promotes good clinical relations. A radiology 
report is dictated as soon as possible.   

    Post-procedure Care 

 During the immediate post-procedure phase, nurs-
ing care involves patient monitoring during recov-
ery from the effects of sedation, anesthesia, and 
the procedure, as requested in the post- procedure 
orders—vital signs (pulse, blood pressure, respira-
tory rate, temperature, pain score) and urine out-
put (see Tables  2.1 ,  2.6 , and  2.7 ). Later a member 
of the IR team should review the patient for his/
her general well-being. In addition the procedural 
site is examined and signs of procedure- specifi c 
complications should be sought (e.g., swelling/
bleeding at port insertion site; pallor, coolness, pres-
ence of pedal pulses post-angiography; macroscopic 
hematuria post- renal biopsy; hemoglobinuria post- 
thrombectomy). A written note of the visit should 
be made in the chart, dated, timed, and signed. If the 
patient is well, the IR team may sign off or choose to 
follow with subsequent visits. If the patient is due to 
go home, discharge information for the family is 
required (see below). 

 In the event of a complication or concern, the 
IR team takes the appropriate measures, relevant 
orders are placed, and the patient remains on the 
list for further follow-up. The IR team may need 
to consult other specialties to assist in the man-

agement of a complication (e.g., general surgery 
in case of a bowel perforation, plastic surgery in 
the event of skin ischemia/ulceration). The IR 
team should assume this responsibility and 
directly liaise with the other specialists as needed. 

    Follow-Up 

 The state-of-the-art interventionalist is a clinician 
who follows his or her patients outside of the IR 
suite. Either the interventionalist or an appropri-
ate member of the IR team (e.g., physician 
extender) should review the patient post- 
procedure [ 2 ,  47 ,  48 ]. Whether this is driven by 
desire to practice good medicine, institutional 
expectations, demands of clinical colleagues, 
billing, or local regulatory requirements, this 
development is a positive one. At minimum an 
inpatient should be seen on the ward later in the 
day of the procedure, and an outpatient should be 
seen before discharge. Further follow-up is nec-
essary for some of the IR procedures (e.g., radio-
frequency ablation of osteoid osteoma) as 
outlined in Chap.   1    . The benefi ts of follow-up—
including timely recognition of complications 
and appropriate longitudinal care—are also 
 discussed in Chap.   1    .  

    Early Follow-Up: Inpatient 

 In addition to the immediate ward visit following 
the procedure, subsequent single or ongoing 
daily post-procedure ward visits are indicated 
for certain groups of patients. They may include 
those with a possibility of a late/delayed compli-
cation (e.g., high-risk transjugular liver biopsy, 
peritonitis post-gastrostomy tube insertion, fl uc-
tuating hypertension post-renal angioplasty), as 
well as those who have a catheter or drain in situ 
following their IR procedure (e.g., post- empyema 
drainage). The latter patients should be followed 
until resolution of the problem (e.g., gastro-
stomy achieving full feeds) or removal of a 
device (e.g., chest drain removal post-empyema). 
The IR team should advise and plan for any 
 subsequent measures required, such as the tim-
ing and type of repeat imaging, the use of tissue 
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plasminogen activator (tPA), and the decision 
when to remove the drain. The IR team should 
remove the drain (e.g., transrectal drain on 
 resolution of pelvic collection). Subsequent fol-
low-up depends on the nature of the procedure. 
Service-type procedures such as image-guided 
percutaneous biopsies and placement of vascular 
access devices do not usually require further vis-
its beyond the immediate post-procedure time. 
Some exceptions may apply, e.g., repeat packing 
of a wound following a port removal for purulent 
port pocket infection. Other cases require longer-
term follow-up in an outpatient setting, to ensure 
they are not lost to follow-up (see below).  

    Informed Discharge 

 Informing patients and families about what to 
expect post-procedure, what signs and symptoms 
to look out for as indicators of a complication, 
and instructions regarding bathing, activity, and 
dressings can be done verbally but more appro-
priately should be with written discharge instruc-
tions, or information pamphlets, including names 
and telephone numbers of whom to contact in the 
event of a problem. The provision of informed 
discharge should be documented in the medical 
records. Some centers prefer to use an informed 
discharge form, which the parents sign, a copy of 
which is then placed in the medical record, to 
document that the parent/guardian has received 
the necessary instructions. The printed discharge 
information is also useful for any subsequent vis-
its to the Emergency Department, as it documents 
the procedure and device (e.g., post-intrasalivary 
Botox injections for drooling; intramuscular 
Botox for spasticity; size and type of vascular 
access device) [ 49 ,  50 ].  

    Early Follow-Up: Outpatient 

 Many IR procedures are performed in the 
 outpatient setting, which is effi cient in terms of 
health- care resources and is emotionally and 
 psychologically better for many children. Along 
with an outpatient IR service, or early discharge 

of inpatients, comes a responsibility to address 
aftercare and follow-up. Informed discharge is 
discussed above. For the outpatient, a follow-up 
phone call by a member of the IR team (e.g., 
clinic nurse) is one way to provide continuity of 
clinical care. It provides support for families and 
a means to answer their questions (e.g., manage-
ment of PleurX catheters in malignant effu-
sions). It also provides reassurance for the IR 
team regarding the procedure and the patient’s 
well- being. For those procedures in which IR is 
 providing a major component of treatment (e.g., 
radiofrequency ablation of a lesion), a return 
visit to the IR clinic ensures the patient is not 
lost to follow-up [ 2 – 4 ]. It provides the opportu-
nity for assessment of treatment effi cacy, any 
unexpected developments (e.g., purulent dis-
charge/infection at site), and ongoing education 
(e.g., irrigation and bowel management post-
cecostomy tube insertion). Some groups of pro-
cedures may be followed in a multidisciplinary 
clinic organized with another specialty (e.g., 
with plastic surgery for vascular anomalies, with 
urology for angiomyolipoma post-embolization) 
(see Chap.   1    ).  

    Late Follow-Up 

 For those in whom the IR treatment is the defi ni-
tive therapy (e.g., varicocele embolization), 
arrangement for late follow-up is necessary. 
Depending on the procedure, this will vary both 
in timing (e.g., a few weeks following ablation of 
an osteoid osteoma, 3–6 months post-varicocele 
embolization) and in location (e.g., in the IR 
clinic or in a multidisciplinary clinic). The IR 
team is responsible to plan for and schedule fol-
low- up procedures required for their devices 
(e.g., exchange of a long-term biliary or ureteric 
stent, removal of a transgastric pancreatic pseu-
docyst drain, and follow-up of a fi stula). This is 
especially true for those devices that are only 
internal, with no external reminder for the patient 
or the physician that there is a device that war-
rants attention (e.g., IVC fi lter). The IR team is 
the health-care team most knowledgeable about 
the subsequent management required and has a 
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responsibility to ensure the patient is not lost to 
follow-up. 

 Rather than considering the clinical roles out-
lined above as daunting for the interventional 
team, it can be embraced and incorporated into 
daily practice, as it is a signifi cant step forward in 
providing excellent patient care.      
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           Introduction 

 As interventional radiology evolves, the emerg-
ing technological advances and increased com-
plexity of procedures challenge the anesthetic 
technique. In infants and children, even the sim-
plest procedures may require a general anesthetic 
to provide safe and motionless conditions. 
Indications for general anesthesia or sedation, 
aside from the inability to remain motionless on 
one’s own, include the need for intermittent 
breath holding during image acquisition. Further 
indications for an endotracheal intubation may 
include those situations in which there is a risk of 
vasospasm (cerebral angiography and emboliza-
tion). In these circumstances, controlled ventila-
tion with purposeful hypercarbia can promote 
vasodilatation. 

 Interventional techniques include nonvascular 
and vascular intervention [ 1 ]. Biopsies, insertion 
and/or repositioning of drainage catheters, and 
insertion of catheters for central intravenous 

access often represent the majority of procedures 
and may be managed with a straightforward 
anesthetic or sedation. In some circumstances, 
regional anesthesia may provide a viable alterna-
tive. Intercostal nerve blocks may be very useful 
for lung or rib biopsies, chest tubes, biliary or 
subphrenic drainage procedures, and insertion of 
biliary stents. 

 The vascular interventions can range from 
straightforward angiography to complex proce-
dures. Embolization and sclerotherapy for vascu-
lar malformations and anomalies tend to represent 
the more complex interventional vascular proce-
dures. Percutaneous transluminal angioplasty 
and fi brinolytic therapy have been shown to ben-
efi t from procedural sedation or anesthesia [ 2 ]. 
The basic indications for embolization are occlu-
sion of vascular malformations, management of 
uncontrollable hemorrhage, medical renal abla-
tion, and presurgical embolization of hypervas-
cular masses.  

    Sedation Strategies for Radiological 
Imaging Studies 

 Interventional radiological procedures for pediat-
ric patients frequently require either general 
anesthesia or deep sedation for successful com-
pletion. Procedures that in adults would normally 
be performed with minimal sedation or local 
anesthesia often demand deep sedation or anes-
thesia in children.  
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    Patient Selection 

 A thorough medical history and review of 
 systems should be completed and documented 
prior to scheduling a patient, in addition to rel-
evant clinical consults and laboratory studies. 
A list of medical conditions that would imme-
diately contraindicate non-anesthesiologist-
delivered sedation can help guide this triage 
process as well as ensure consistency of deci-
sion-making (Table  3.1 ). Prior to the scheduled 
study, all families should receive a prescreen 
telephone call to confi rm if there have been 
recent changes in medical history along with 
the nil per os (NPO) instructions. In most cir-
cumstances, families are instructed to adminis-
ter the child’s routine morning medications 
with a sip of clear fl uid.

   The patients scheduled for non-anesthesio-
logist- delivered sedation are typically American 
Society of Anesthesiologists level 1 or level 2 but 
rarely level 3 (Table  3.2 ).

   In the United States, the delivery of deep 
 sedation by non-anesthesiologists should be 
 administered according to the American Society 
of Anesthesiologists Guidelines [ 3 ]. Under these 
guidelines, registered nurses are no longer quali-
fi ed to administer deep sedation. The sedation 
provider must be a physician, nurse anesthetist, 
or anesthesia assistant. Specifi cally, the sedation 
care provider is expected to be experienced in the 
delivery of positive pressure ventilation via a 
facemask, endotracheal intubation, and insertion 
of laryngeal mask airways along with placement 
of nasal and oropharyngeal airways. A minimum 
of 35 patients or simulated cases must be per-
formed in order to demonstrate competence. 
Recently, the Center for Medicaid and Medicare 
Services published their guidelines which are 
consistent with the American Society of 
Anesthesiologist’s qualifi cation requirements for 
sedation providers [ 4 ]. 

 In the event that there are questions regard-
ing the medical status or appropriateness of 
a child for sedation, a liaison from the 
Department of Anesthesia can facilitate the 
evaluation process by reviewing the history 
and, if appropriate, requesting consultations 
with appropriate specialty services (cardiac 
anesthesia, otolaryngology, surgery, nephrology, 
cardiology, or endocrinology). If the patient is 
deemed appropriate to receive sedation, then 
personal discussion between the consulting 
physician and sedation care provider is helpful 
to maximize safe care. 

   Table 3.1    Red fl ags for sedation   

  1. Apnea 
  2. Full-term infant less than 1 month of age (unless an 

inpatient admitted to the hospital) 
  3. Respiratory compromised patients 
  4. Uncontrolled/unpredictable gastroesophageal refl ux 

or vomiting that poses an aspiration risk 
  5. Craniofacial abnormality that may make it diffi cult 

to establish effective mask airway 
  6. Cyanotic cardiac disease or unstable cardiac status 
  7. Painful procedure that may be challenging to provide 

adequate analgesia without a general anesthetic 
  8. High-risk procedure that may require presence of an 

anesthesiologist for resuscitation 
  9. Procedure that requires absolute immobility only 

achievable with a general anesthetic 
 10. Procedure being performed in remote location that is 

so removed that immediate emergency backup 
assistance would be virtually impossible 

 11. Inadequate qualifi ed personnel available to provide 
safe procedural sedation 

   With permission from Mason KP. Pediatric Sedation for 
Radiological Imaging Studies. In :  Ray CE ,  ed. Pain 
Management in Interventional Radiology. New York ,  NY : 
 Cambridge University Press ;  2008 : 270   

   Table 3.2    ASA physical status classifi cation   

 1. A normal healthy patient 
 2. A patient with mild systemic disease 
 3. A patient with severe systemic disease 
 4. A patient with severe systemic disease that is a 

constant threat to life 
 5. A moribund patient who is not expected to survive 

without the operation 
 6. A declared brain-dead patient whose organs are being 

removed for donor purposes 

   With permission from Mason KP. Pediatric Sedation for 
Radiological Imaging Studies. In :  Ray CE ,  ed. Pain 
Management in Interventional Radiology. New York ,  NY : 
 Cambridge University Press ;  2008 : 270   
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 It is important for the practitioner responsible 
for sedation to have a thorough understanding of 
the procedure requested. For example, the same 
patient may be medically appropriate to undergo 
sedation for an MRI scan but may be an inappro-
priate sedation candidate for a nephrostomy tube, 
placed with the patient prone in interventional 
radiology. Although a patient may meet the med-
ical criteria for sedation, a collaborative discus-
sion between the practitioners responsible for the 
sedation and the radiologist will ensure that the 
procedure and patient lend itself to sedation. In 
the event that the procedure is deemed high risk 
(e.g., cerebral embolization), associated with sig-
nifi cant pain (e.g., sclerotherapy with doxycy-
cline), or long in duration, the patient is usually 
best referred to general anesthesia for manage-
ment. Additional, important, considerations 
should be the physical layout of the procedure 
room and its geographical proximity to the oper-
ating rooms. In the event of an emergency and the 
need for a “code team,” the physical layout is 
important. If the radiological suites are physi-
cally isolated and distant from backup assistance, 
the more conservative approach will be to request 
anesthesia services prior to the initiation of a 
high-risk procedure.  

    Patient Sedation Guidelines 

 To minimize the chance of drug delivery error or 
miscalculation, it is helpful to have preprinted 
order sheets that should be approved by the 
Hospital Sedation Committee as recommended 
by JCAHO. The practice standards adopted by 
the American Society of Anesthesiologists in 
1986 for basic intraoperative monitoring apply as 
well to extramural locations. Practice standards 
and guidelines promulgated by the American 
Academy of Pediatrics [ 5 ] are exceeded by estab-
lished practice standards in anesthesiology [ 6 ]. 
Signifi cant variances may exist when non- 
anesthesiologists sedate [ 7 ]. Practice Standards 
for Nonanesthetizing Locations were adopted by 
the American Society of Anesthesiologists in 
1994 [ 8 ]. Recent practice standards by the 
American Society of Anesthesiologists for 
deep sedation by non-anesthesiologists stipulate 

monitoring which includes electrocardiogram, 
pulse oximetry, capnography, and noninvasive 
blood pressure monitoring [ 3 ]. 

 A director of anesthesia services for a busy 
extramural radiology site will facilitate the deliv-
ery and coordination of anesthesia and sedation 
services. By being available to answer questions, 
do on-site consults, examine patients, and pro-
vide backup support or emergency airway exper-
tise, the anesthesiologist is critical to the viability 
of a non-anesthesiologist-delivered sedation pro-
gram. In addition to the American Society of 
Anesthesiologist, the Joint Commission on 
Accreditation of Healthcare Organizations 
(JCAHO) Anesthesia and Sedation Manual has 
set guidelines for credentialing of all personnel 
who administer sedation [ 3 ,  9 ].  

    Medications 

 The selection of a sedation agent depends on 
the patient’s underlying medical condition, age, 
drug tolerance, and anticipated procedure. Each 
medication has its own property which can 
include a hypnotic, anxiolytic, and/or analge-
sic. In order to appropriately make a sedation 
plan for each procedure, it is important to 
understand the properties of each medication 
and its potential synergistic actions with adju-
vant medication. The more common sedatives 
administered for light, moderate, and deep 
sedation will be reviewed below. 

    Ketoralac 

 Ketoroloac (Toradol; Abbott labs, N. Chicago, 
IL) is an analgesic. It does not have sedative, hyp-
notic, or amnestic properties. Ketorolac trometh-
amine can be administered intravenously every 
6 h with a maximum of 72 h of administration. 
It is useful for onetime administration to provide 
analgesia for short procedures such as biopsies. 
As a nonsteroidal anti-infl ammatory agent, ketor-
olac may inhibit platelet aggregation and prolong 
bleeding time, which may be an undesirable 
effect for some interventional procedures. 
Agreement to administer a nonsteroidal should 
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be obtained from the interventional radiologist 
prior to administration. Alternative analgesics 
could include narcotics or ketamine.  

    Narcotics 

 The choice of narcotic should depend on the 
duration of the procedure and the extent of anal-
gesia required. Morphine (Baxter Healthcare 
Corp, Deerfi eld, IL) and fentanyl (Baxter) are the 
more popular narcotics. Morphine requires 
approximately 10 min for effect and can provide 
analgesia for up to 2 h. Fentanyl works within 
minutes and has 100 times the potency of mor-
phine. It generally needs to be redosed every 
30–60 min, depending on the procedure. 
Narcotics work best when administered prior to 
(in anticipation of) the painful stimulus so that 
adequate analgesia is present at the time of the 
stimulus. 

    Ketamine 
 Ketamine, 2-(o-chlorophenyl)-2-(methylamino) 
cyclohexane, a phencyclidine and cyclohexamine 
derivative, was developed and introduced into 
clinical anesthesia practice in the 1960s. It may 
be administered via intravenous, intramuscular, 
oral, rectal, nasal, epidural, or intrathecal routes. 
The use of ketamine for pediatric sedation and 
analgesia has been described in various non-
operating room settings that include emergency 
departments [ 10 ], gastroenterology [ 11 ], oncology 
[ 12 ], dental [ 13 ], and radiology suites [ 14 ,  15 ]. 
Ketamine produces rapid onset of deep seda-
tion and analgesia with minimal respiratory 
depression and cardiovascular side effects [ 16 – 21 ]. 
A review of the literature reveals that despite 
the widespread use of ketamine by non- 
anesthesiologists, there is no consistent protocol 
for ketamine administration. Mason et al. 
describe the intravenous or intramuscular admin-
istration of ketamine, up to 2 mg/kg, for interven-
tional radiological procedures. The intravenous 
dosage is followed by a continuous infusion of up 
to 125 μg/kg/h ketamine until the procedure is 
completed [ 17 ,  18 ]. When given in small bolus 
doses, it provides analgesia for an average of 
30 min. As an infusion, ketamine can produce a 

continuous state of analgesia that may be titrated 
up and down in response to (or in anticipation of) 
the painful stimulus. It is especially useful for 
patients who are going to undergo an exception-
ally painful procedure (doxycycline sclerother-
apy, chest tube), are on chronic opioids, or have a 
high tolerance to opiates. The coadministration 
of ketamine with an anticholinergic is no longer 
recommended [ 19 ]. Ketamine provides an effec-
tive alternative to narcotics in some patients. 

 Hallucinations, delusions, nightmares, and 
emergence delirium are phenomenon most com-
monly described as a potential side effect of ket-
amine; these are more commonly noted in adults 
[ 22 ,  23 ]. The presence of these adverse events in 
the pediatric population is controversial [ 13 ,  24 ]. 
In adults, the concomitant administration of ben-
zodiazepines (midazolam or diazepam) with ket-
amine has been shown to decrease the incidence 
of these events. Again, the utility of benzodiaze-
pines in reducing these events in children is con-
troversial [ 25 – 27 ]. Some reports indicate that the 
addition of benzodiazepines leads to an increased 
incidence of oxygen desaturation events [ 28 ]. 
Under age fi ve, there is no defi nitive evidence 
that benzodiazepine administration will reduce 
the hallucinations, delusions, and excitatory 
behavior that can occur with ketamine. Children 
over age fi ve may in fact benefi t from concomi-
tant benzodiazepine administration. Although 
ketamine administration and supervision by 
interventional radiologists is not a widely recog-
nized technique, it offers an alternative agent for 
children who require profound analgesia albeit 
the risk of dissociative side effects. 

 Collaboration between the Departments of 
Anesthesiology and Radiology can provide for 
the radiologist-supervised administration of ket-
amine by nurses for interventional procedures, 
liver and renal biopsies included, in pediatric 
patients who might otherwise have required a 
general anesthetic. With suffi cient triage and 
careful review of the medical history as well as 
relative and absolute contraindications to ket-
amine administration, radiologists can safely 
incorporate ketamine into their sedation arma-
mentarium (Tables  3.3  and  3.4 ). Patients and par-
ents are often relieved and grateful to avoid 
general anesthesia.

K.P. Mason
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          Preparing for Emergencies in Areas 
Distant to the Operating Room 

 There are three particularly challenging scenarios 
that may occur in nonoperating room (off-site) 
locations: (1) the child with a known diffi cult air-
way, (2) the child with an unrecognized diffi cult 
airway, and (3) cardiovascular arrest. Each chal-
lenging situation will be addressed in order and 
in detail below. Most interventional radiology 
suites are remote to the operating room, to skilled 
and knowledgeable airway (otolaryngology, 
anesthesia, and surgery) assistance, and to backup 
airway support (bronchoscopes and alternative 
airway devices). Fiber-optic equipment and pro-
cedures are not routine in outfi eld areas and thus, 

when anticipated, should be reserved for the 
operating room environment.    It is suggested that 
the “potential diffi cult airway” be managed fi rst 
in the operating room and, after the airway is 
secured, the patient can then be transported to the 
radiological suites. 

 In the operating room, there are appropriate 
backup support and supplies if needed. Remember 
that each extramural anesthetizing location is 
unique with regard to conducting resuscitation. 
Redundancy of monitoring devices and equip-
ment is important; one should not be limited to a 
single item that could malfunction at the time of 
resuscitation. The physicians, nurses, anesthesi-
ologists, technologists, and support personnel 
must know the location of emergency equipment. 
In addition, a hard board to be placed under the 

   Table 3.3    Exclusion criteria for ketamine induced 
sedation      

  1. Active pulmonary infection or disease 
  2. Known or potential (i.e., risk of) airway compromise 
  3. Pulmonary hypertension 
  4. Age of 3 months or younger 
  5. History of apnea or obstructive sleep apnea 
  6. Craniofacial defect that would make mask 

ventilation diffi cult 
  7. Complex cardiac disease 
  8. Acute globe injury 
  9. Prior adverse reaction to ketamine 
 10. History of bipolar disease or schizophrenia 
 11. Head injury associated with loss of consciousness, 

altered mental status, or emesis 
 12. Intracranial hypertension (i.e., CNS mass lesions, 

hydrocephalus, head injuries associated with 
increased intracranial pressure): if there is any 
doubt, please have radiologist consult ordering 
physician to determine whether there is increased 
intracranial pressure risk 

 13. Any child in whom there is a question of increased 
intracranial pressure 

 14. Child with potential ventriculoperitoneal shunt 
malfunction 

 15. Increased intraocular pressure 
 16. Patient or parent refusal 

   With permission from Mason KP ,  Padua H ,  Fontaine P , 
 Zurakowski D. Radiologist Supervised Ketamine Sedation 
for Solid Organ Biopsies in Children and Adolescents. 
AJR Am J Roentgenol 2009 ; 192 ( 5 ): 1265  ( requested per-
mission from American Roentgen Ray Society )  

   Table 3.4    Adverse events and parent and patient 
satisfaction   

 Variable 
 Total cohort 
( n  = 65) 

 Liver biopsy 
( n  = 35) 

 Renal 
biopsy 
( n  = 30) 

 Adverse events (no. of patients) 
 During sedation   2 a    0   2 
 During recovery   8 b    6   2 
 24 h after 
procedure 

  4 c    2   2 

 7 day after 
procedure 

  0   0   0 

 Sedation failure 
(no.) 

  0   0   0 

 Satisfaction (%) d  
 Dissatisfi ed   0   0   0 
 Neutral   8   6  10 
 Satisfi ed  58  60  57 
 Very satisfi ed  34  34  33 

   a  Renal biopsy: range ( n  = 1), marked hypertension ( n  = 1) 
  b  Liver biopsy, need for supplemental oxygen ( n  = 1), need 
for inhalers ( n  = 1), vomiting or nausea (or both) ( n  = 4); 
renal biopsy, agitation ( n  = 1), vomiting and nausea ( n  = 1) 
  c  Liver biopsy, rash ( n  = 1), vomiting ( n  = 1); renal biopsy, 
irritability ( n  = 1), drowsiness ( n  = 1) 
  d  Parent- and patient-based assessment 
  With permission from Mason KP ,  Padua H ,  Fontaine P , 
 Zurakowski D. Radiologist Supervised Ketamine Sedation 
for Solid Organ Biopsies in Children and Adolescents. Am 
J Roentgenol 2009 ; 192 ( 5 ): 1263  ( requested permission 
from American Roentgen Ray Society )  
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patient during resuscitation should be readily 
available. Mock codes and simulation of emer-
gencies should be performed regularly to ensure 
adequate fl ow, teamwork, and delineation of 
responsibilities. 

 The administration of iodine-containing  contrast 
for interventional procedures necessitates a com-
plete knowledge of risk factors for anaphylaxis 
and appropriate prophylaxis and intervention 
(Table  3.5 ). Patients with multiple allergies, shell-
fi sh allergies, or atopic disease are at increased risk 
of exhibiting anaphylaxis to iodine-containing 
contrast. These patients may benefi t from pretreat-
ment with steroids and antihistamines.

   The unrecognized and unanticipated diffi cult 
airway should be a scenario for which alternate 
airway devices, such as laryngeal mask airways 
and even tracheostomy sets, are routinely avail-
able and stocked in off-site locations. In the event 
that the child cannot be ventilated nor intubated, 
the laryngeal mask airway may be life saving [ 29 , 
 30 ]. Transfusion requirements are rare in extra-
mural locations, yet preprocedural anemia, acci-
dental perforation of vascular structures, or 
medical transfusion requirements, such as sickle 
cell disease or prematurity, may require transfu-
sion therapy. Equipment consistent with that 
available in the operating room must be available 
in these off-site locations.  

 Laryngeal edema or bronchospasm 
 • Give O 2  6–10 L/min (via mask, face tent, or blow-by 

stream). Monitor electrocardiogram, O 2  saturation 
(pulse oximeter), and blood pressure 

 • Give β-agonist inhalers: bronchodilators, such as 
metaproterenol, terbutaline, or albuterol 2–3 puffs. 
Repeat as necessary 

 • Give epinephrine SC or IM (1:1,000) 0.1 mL/kg, 
maximum 3 mL/dose. Repeat in 3–5 min as needed 

 • Call for assistance (e.g., cardiopulmonary arrest 
response team) for severe bronchospasm or if O 2  
saturation <88 % persists 

 Pulmonary edema 
 • Give O 2  6–10 L/min (via mask, face tent, or blow-by 

stream). Monitor electrocardiogram, O 2  saturation 
(pulse oximeter), and blood pressure 

 • Give diuretic: furosemide IV 1–2 mg/kg 
 • Call for assistance (e.g., cardiopulmonary arrest 

response team) 
 Hypotension with tachycardia 
 • Give O 2  6–10 L/min (via mask, face tent, or blow-by 

stream). Monitor electrocardiogram, O 2  saturation 
(pulse oximeter), and blood pressure 

 • Legs elevated 60° or more (preferred) or 
Trendelenburg position 

 • Keep patient warm 
 • Give IV or IO normal saline or lactated Ringer’s 

solution 20 mL/kg over 5–10 min. Bolus infusion over 
10–20 min in patients with myocardial dysfunction 

 • Seek appropriate assistance (e.g., cardiopulmonary 
arrest response team) 

 Hypotension with bradycardia (vagal reaction) 
 • Give O 2  6–10 L/min (via mask). Monitor 

electrocardiogram, O 2  saturation (pulse oximeter), 
and blood pressure 

 • Legs elevated 60° or more (preferred) or 
Trendelenburg position 

 • Keep patient warm 
 • Give IV or IO normal saline or lactated Ringer’s 

solution 20 mL/kg over 5–10 min. Give infusion over 
10–20 min in patients with myocardial dysfunction 

 • Give atropine IV 0.02 mg/kg if patient does not 
respond quickly to steps 2, 3, and 4. Minimum initial 
dose of 0.1 mg. Maximum initial dose of 0.5 mg 
(infant/child), 1 mg (adolescent). Atropine dose may 
be doubled for second administration 

 • Seek appropriate assistance (e.g., cardiopulmonary 
arrest response team) 

   IM  intramuscular,  IO  intraosseous,  IV  intravenous,  SC  
subcutaneous,  PO  per os (orally) 
  With permission from Mason KP ,  Holzman RS. Anesthesia 
and Sedation for Pediatric Procedures Outside the Operating 
Room. In :  Davis PJ ,  Caldis FP ,  Motoyama EK eds. Smith ’ s 
Anesthesia for Infants and Children. 8   th    ed. Philadelphia ,  PA : 
 Mosby ,  Elsevier Science ;  2011. Box 33 - 2    . ©  Elsevier 2011   

   Table 3.5    Management of acute reactions in children   

 Urticaria 

 • No treatment needed in most cases 
 • Give H 1 -receptor blocker: diphenhydramine PO, IM, 

or IV 1–2 mg/kg, up to 50 mg 
 • If severe or widely disseminated, give ∝-agonist, 

epinephrine SC (1:1,000) 0.01 mL/kg 
 Facial edema 
 • Give O 2  6–10 L/min (via mask, face tent, or blow-by 

stream) administered at 2 times the maintenance rate 
in order to monitor electrocardiogram, O 2  saturation 
(pulse oximeter), and blood pressure 

 • Give ∝-agonist: epinephrine SC or IM (1:1,000) 
0.01 mL/kg/, up to 0.3 mL/dose. Repeat in 15–30 min 
as needed 

 • Give H 1 -receptor blocker: diphenhydramine IM or IV 
1–2 mg/kg, up to 50 mg 

 • If no response to therapy, seek appropriate assistance 
(e.g., cardiopulmonary arrest response team) 

(continued)

Table 3.5 (continued)
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    Summary 

 The demand for anesthesia and sedation services 
in sites distant to the operating room can be chal-
lenging and with extra risk. Although the inci-
dence of adverse outcomes for anesthesia and 
sedation in these radiological areas has not been 
reported, reports from offi ce-based and ambula-
tory surgery centers have extrapolated risks. In 
Florida, the incidence of adverse events is higher 
in offi ce-based versus outpatient surgical centers 
[ 31 ]. Although these outcomes cannot be directly 
compared with off-site anesthetizing locations, it 
prompts the consideration of the level of added 
risk in the off-site location. Sedation, monitored 
anesthesia care, and general anesthesia are all 
choices that carry risks. Historically, an avoidance 
of a general anesthesia has been thought to mini-
mize the risk of adverse outcome. Closed- claims 
analysis demonstrates that monitored anesthesia 
care poses an equal risk to general anesthesia with 
respect to severity of injury, death, and permanent 
brain damage. Twenty-four percentage of all 
monitored anesthesia care claims involve overse-
dation and respiratory depression [ 32 ]. Anesthesia 
and sedation providers must recognize that a care-
ful risk analysis is critical when selecting patients 
and formulating a plan of care. 

 This chapter has reviewed some general issues 
and some specifi c and challenging situations that 
anesthesiologists and radiologists must be pre-
pared for in the interventional radiology suite. 
These guidelines will be best tailored to the 
unique setup, support, and equipment available at 
each facility. As the American Society of 
Anesthesiologists and Center for Medicaid and 
Medicare Services continue to present guidelines 
for deep sedation, it is likely that the involvement 
of anesthesiologists in caring for children outside 
of the operating room will burgeon.  

    Special Topics: Anesthesia 
for Vascular Anomalies 

 The anesthetic management of patients with vas-
cular malformations can be challenging. Vascular 
malformations are congenital aberrant connections 

between vessels, which may be comprised of 
lymphatics, arteries, capillaries, and veins. These 
lesions, although present at birth, may not 
become clinically apparent until the child grows. 
A rapid proliferative phase may occur in response 
to hormonal changes (pregnancy and puberty), 
trauma, or other stimuli [ 33 ]. Vascular malforma-
tions may present high-fl ow or low-fl ow lesions. 
High-fl ow lesions include arteriovenous fi stulas, 
some large hemangiomas, and arteriovenous 
malformations. Extensive lesions with an arterial 
component may create a high-output cardiac fail-
ure with resultant congestive heart failure and the 
potential for pulmonary edema. Low-fl ow 
lesions, those with venous, intramuscular venous, 
and lymphatic malformations, do not present 
such a risk. Surgical resection of symptomatic 
vascular malformations presents risks of signifi -
cant intraoperative bleeding and coagulopathy, in 
addition to surgical and anesthetic risk. For this 
reason, invasive angiography and embolization 
have become popular alternatives to surgical 
resection when possible. 

 Because vascular malformations tend to grow, 
even those lesions that are asymptomatic may 
someday require intervention. Accompanying 
clinical conditions can include pain, tissue ulcer-
ation, disfi gurement, multiorgan compromise, 
impairment of limb function, coagulopathy, clau-
dication, hemorrhage, and progressive nerve 
degeneration or palsy. 

 A dedicated anesthesia team committed to 
interventional radiology has an advantage: in 
addition to gaining a familiarity with the proce-
dures and the radiologists, nurses, and technolo-
gists, the patients and parents often return for 
multiple procedures and are comforted by seeing 
familiar anesthesiologists. Especially with these 
complicated patients, familiarity with the patient, 
their vascular lesion, the procedures involved, 
and the interventional radiologist all benefi t from 
a core group of anesthesiologists. Vascular embo-
lization may be used as a bridge to surgical resec-
tion and may decrease the risk of intraoperative 
bleeding. 

 When embolizing vascular malformations, 
radiologists may use various techniques and 
agents: ethanol, stainless steel coils, antibiotics, 
absorbable gelatin pledgets and powder, polyvinyl 
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alcohol foam, glues, thread, and ethanol. The choice 
of agent depends on the clinical situation and the 
size of the blood vessel. When permanent occlu-
sion is the goal, polyvinyl alcohol foam and etha-
nol are often employed as they both occlude at 
the level of the arterioles and capillaries. 
Medium- to small-sized arteries may be occluded 
with coils, which are the surgical equivalent of 
ligation. In trauma situations, when only tempo-
rary (days) occlusion is the goal, absorbable gela-
tin pledgets or powder is employed [ 34 ]. Absolute 
ethanol (99.9 % alcohol) is a powerful sclerosing 
agent, which has particular implications for the 
anesthesiologist and perioperative care provider. 

 Ethanol can cause thrombosis of the vascular 
endothelium, which can extend to the capillary 
bed. A powerful sclerosant, it is particularly use-
ful in the embolization of symptomatic vascular 
malformations. For that reason, using selective 
catheterization and direct percutaneous puncture, 
normal blood vessels are avoided. Ethanol causes 
denaturation of blood proteins and may produce 
a coagulum of blood with endothelial necrosis 
[ 35 ]. Sclerotherapy or embolization with abso-
lute (99.9 %) ethanol may elicit a post-procedure 
coagulopathy [ 36 ] marked by positive d-dimers, 
elevated prothrombin time, and decreased plate-
lets. Extensive ethanol injections (usually consid-
ered to be >0.5 mL/kg) can cause hematuria and 
should require the placement of a Foley catheter 
during the procedure for careful monitoring of 
urine output throughout and in recovery. On aver-
age, it has been our practice to administer 
between 50 and 100 mL/kg intravenous fl uids 
over the course of the procedure. When hemoglo-
binuria is noted during the procedure, the anes-
thesiologist should notify the radiologist so that 
the need for continued injections of ethanol is 
reevaluated. Aggressive and immediate treatment 
of hematuria is essential as soon as it is recog-
nized to minimize the risk of renal damage. 
Inadequate hydration with subsequent hemolysis 
has resulted in renal failure with subsequent 
hemodialysis (personal correspondence). 
Hemoglobinuria may not occur until the end of 
the procedure, particularly when a large volume 
of ethanol is injected towards the end of the pro-
cedure or with procedures that involve the injec-

tion of lower extremity lesions below a tourniquet. 
With tourniquets, hemoglobinuria should be 
expected within 10 min of defl ation. In anticipa-
tion of hematuria following tourniquet defl ation, 
generous fl uid replacement should be initiated 
prior to defl ation and continued thereafter in 
order to mitigate hematuria. Furosemide intrave-
nous (0.5–1.0 mg/kg) promotes diuresis and a 
faster resolution of gross hematuria (personal 
experience). It is important to recognize that the 
appearance of hemoglobinuria may be delayed 
and can present up to 1–2 h after completion of 
the procedure. It is suggested that following large 
injections of ethanol, patients be observed for a 
minimum of 2 h for hematuria in recovery prior 
to discharge to the fl oor. Fluid administration 
should be balanced with urine output. At our 
institution   , persistent hemoglobinuria is treated 
with sodium bicarbonate (75 mEq/L in 5 % dex-
trose and water), which is administered at a rate 
of 2 times the maintenance in order to alkalinize 
the urine and minimize the risk of hemoglobin 
precipitating in the renal tubules [ 37 ]. All hema-
turias should be resolved prior to discharge from 
post-anesthesia recovery room. 

 Administration of ethanol has the potential for 
severe complications. Albeit infrequent, there is a 
risk of cardiovascular collapse, which is generally 
preceded by hypoxemia and bradycardia. Most 
reported cases of cardiovascular collapse 
involved lower extremity malformations [ 38 ]. 
The etiology of the cardiovascular collapse asso-
ciated with ethanol is unclear, although its 
 occurrence has been reported coincident with the 
injection of ethanol into the systemic veins or 
after the release of lower extremity tourniquets 
after ethanol injection. It is critical that the radi-
ologist communicate with the anesthesiologist 
whenever ethanol is being injected and before the 
defl ation of the tourniquet. In our practice, sudden 
desaturation without arrhythmia or hypotension 
has occurred with ethanol administration, without 
cardiovascular sequela. Alternatively, pulmonary 
embolism from thrombus dislodgement at the 
site of the vascular malformation has occurred 
with mild (mid 80 % to low 90 %) oxygen desat-
uration and prolonged (24–48 h) hypoxemia, 
 presumably from micro-thromboembolism. 
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These patients benefi t from systemic anticoagu-
lation without long-term sequelae. 

 In addition to    neuropathy and tissue necrosis, 
if not injected selectively, ethanol can produce a 
state of intoxication. The ethanol used for embo-
lization and sclerotherapy is concentrated to 
95–98 %. Patients who receive >0.75 mL/kg can 
be clinically intoxicated. Blood levels correlate 
with the volume of ethanol administered, regard-
less of the location or type of vascular malforma-
tion (Fig.  3.1 ).

   On extubation, particularly following large 
injections of ethanol, patients can display 
extremes of behavior ranging from signifi cant 
agitation to extreme somnolence. In both situa-
tions, narcotics, if needed, should be adminis-
tered with caution, as these patients tend to be 
slow to emerge from anesthesia (some even have 
strong odor of alcohol on their breath). High 
serum levels of ethanol provide analgesia. 

Narcotics may produce a synergistic effect with 
the potential for respiratory depression. Until the 
extent of pain is assessed, narcotics should be 
titrated in small, conservative doses. Ketorolac 
can provide analgesia in those who are not at 
risk of developing a coagulopathy or a post- 
procedure bleed. 

 Large hemangiomas may be associated with a 
coagulopathic condition called Kasabach–Merritt 
syndrome. In this condition, the hemangioma 
traps and destroys platelets and clotting factors, 
resulting in thrombocytopenia and an increased 
risk of hemorrhage. As the hemangioma invo-
lutes, the coagulation status tends to improve [ 39 ]. 
A condition described as systemic intravascular 
coagulation can occur after the embolization of 
extensive vascular malformations. Systemic 
intravascular coagulation is a condition similar to 
disseminated intravascular coagulation (DIC) but 
specifi c for the coagulopathy, which results from 

  Fig. 3.1    Graph shows the positive relationship between 
serum ethanol level and amount of ethanol administered 
in all 71 patients.  Solid line  indicates the theoretic curve 
based on the nonlinear exponential power model  y  5 
70 x 3   , where  x  is the amount of ethanol administered 
and  y  is the predicted serum ethanol level.  Triangles  
represent empirical values. Theoretic curve demon-

strates the most accurate fi t compared with all other 
linear and nonlinear models tested.  Reprinted with per-
mission from Mason KP ,  Michna E ,  Zurakowski D , 
et al.  Serum Ethanol levels in children and adults after 
ethanol embolization or sclerotherapy for vascular 
anomalies. Radiology 2000 ; 217 : 127 - 132  ©  Radiological 
Society of North America        
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embolizations: an elevated prothrombin time 
with a decrease in coagulation factors and platelets. 
Other patients with vascular malformations, 
 particularly venous malformations, can have 
 preexisting coagulation disturbances that resem-
ble DIC [ 40 – 44 ]. A hematology consult should 
be obtained for those patients with laboratory 
values consistent with a consumptive coagulopa-
thy. They may be initiated on heparin for 2 weeks 
before the procedure in order to replenish their 
fi brinogen levels. During extensive emboliza-
tions, cryoprecipitate or platelets may be admin-
istered to promote clotting and successful 
sclerosis. The use of ethanol for sclerosis or 
embolization can elicit a coagulation disturbance 
that resembles DIC. There is a statistical relation-
ship between the amount (mL/kg) of ethanol 
administered and the degree of coagulation 
 disturbance elicited [ 36 ]. The coagulopathy is 
generally not symptomatic, resolves in about 5 
days, and does not require additional cryoprecipi-
tate or fresh frozen plasma transfusions. Major 
surgery is usually deferred until the coagulation 
parameters have normalized. 

 There are a number of concerns and perioper-
ative issues. Following extensive embolization 
procedures, these patients frequently experi-
ence pain from the tissue necrosis and swelling. 
A variety of analgesic techniques should be 
considered. Steroids, although they do not have 
analgesic properties, may reduce edema and 
postembolic neuritis with resultant analgesia. 
Postembolic swelling will impact the periopera-
tive airway management following procedures in 
the head and neck. Pediatric patients in particular 
may need to remain intubated after such proce-
dures, particularly when edema in the fl oor of 
the mouth, tongue, hypopharynx or oropharynx, 
or anterior neck could compromise a patent air-
way. An additional post-procedure concern is 
that vomiting may, because of the Valsalva 
maneuver, increase venous blood pressure and 
aggravate bleeding and swelling at puncture 
sites or cause swelling and airway obstruction 
following the head and neck procedures. 
Hypothermia is a risk in interventional radiology, 
particularly with long procedures. Heating lamps 
and body surface warming devices may be used 

when safe and appropriate. Finally, with the use of 
iodine- containing radiocontrast media, sclerosing, 
and embolizing agents, consideration must be 
given to adequate volume resuscitation, the risk 
of a contrast reaction, and bladder catheterization 
for detection of oliguria, polyuria, or hematuria.  

    Special Topics: Anesthesia 
and Angiography 

 Cerebral angiography typically requires endotra-
cheal intubation. Hypercarbia to end tidal CO 2  
>50 mmHg will promote vasodilation to allow bet-
ter access and visualization of cerebral vasculature 
(Fig.  3.1 ). Orogastric, nasogastric tubes, esopha-
geal stethoscopes, and esophageal temperature 
probes should be avoided during cerebral angiog-
raphy as they can create artifacts on the angio-
graphic images. Cerebral studies may be 
indicated in the work-up or postoperative follow-
 up of vascular malformation or tumor resections, 
stroke, hemorrhagic events, vascular disease, and 
unexplained mental status changes. It is impor-
tant to know the indications for the cerebral angi-
ography, as these indications may guide the 
perioperative management. For example, any 
child requiring a study for the potential or con-
fi rmed diagnosis of moyamoya should be treated 
with utmost precaution, with anesthetic tech-
niques that minimize the risk of transient ischemic 
attacks and stroke during the procedure [ 45 ]. 
The recommended anesthetic technique is to 
hydrate with 10 mL/kg intravenous fl uid prior to 
anesthetic induction to reduce the risk of hypo-
tension (and potential cerebral ischemia) with 
induction. Inhalational inductions are generally 
discouraged in favor of a well-controlled intrave-
nous induction with concomitant hemodynamic 
stability. Hypocarbia should be avoided to 
minimize risk of cerebral vasoconstriction and 
normocarbia is generally the goal throughout. 
In the event of vasospasm or diffi cult access of 
small, torturous vessels, the interventional radi-
ologist can administer (through the intravascular 
catheter) nitroglycerin in small doses (25–50 μg) 
to promote vasodilation and improve visualiza-
tion and access. Small doses of nitroglycerin are 
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 generally successful in vasodilating specifi c 
discrete and local areas and do not have a clini-
cally relevant effect on systemic blood pressure. 

 Angiographic imaging of the abdomen or 
pelvis may be enhanced through the use of glu-
cagon, administered in divided doses of 0.25 mg 
to a maximum of 1.0 mg intravenously. 
Glucagon is effi cacious for digital subtraction 
angiography, visceral angiography, and selec-
tive arterial injection in the viscera. Risks with 
glucagon include hyperglycemia, vomiting 
(particularly when given rapidly), gastric hypo-
tonia with post- procedure vomiting, anaphy-
laxis with rapid administration, and physiologic 
signs (tachycardia and hypertension) that mimic 
pheochromocytoma [ 46 – 48 ]. Antiemetics may 
be considered prophylactically or as a treatment 
in the recovery room. 

 Imaging of the lower extremities and pelvis 
may involve the added challenge of positioning 
the patient in reverse position on the fl uoroscopy 
table, the addition of extra long ventilator tubing, 
and the added awareness that the patient’s airway 
is distant to the anesthesia machine and anesthe-
siologist. Particularly in these circumstances, the 
anesthesiologist should determine a plan of 
action in the event of an airway emergency. 
Unless the patient can be repositioned quickly 
with the head at the head of the bed adjacent to 
the anesthesiologist, emergency anesthesia assis-
tance should be heralded immediately and the 
ancillary medical staff (nurses and radiologists) 
should be trained to assist as help is summoned.     
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           Background/Indications 

 Current techniques in magnetic resonance (MR) 
angiography, computed tomographic (CT) angi-
ography, and Doppler ultrasound have made it 
possible to diagnose a plethora of vascular 
 diseases in the child precluding the use of 
catheter- directed angiography in most cases. 
Catheter-directed angiography may be required 
in the diagnosis of intracerebral vascular dis-
eases, renovascular hypertension, gastrointestinal 
vascular pathology, and in the setting of trauma 
[ 1 – 3 ]. In the majority of instances, the diagnosis 
is known and angiography is done at the time 
of intervention. Importantly, the development of 
new devices has now made it possible for arterial 
interventions such as angioplasty, peripheral 
embolization, and endoneurovascular procedures 
to be performed in children [ 4 ,  5 ].  

    Contraindications 

 If the desired information can be obtained using 
noninvasive imaging, then catheter-directed angi-
ography is contraindicated. Most contraindica-
tions are relative and include conditions such as 

severe contrast allergy, severe hypertension, 
coagulopathy, renal insuffi ciency, signifi cant 
 volume restrictions or metabolic disease, skin 
infection at the intended access site, and sepsis. 
A patient with active vasculitis or collagen vascu-
lar disease would be prone to vessel injury and 
would therefore need to be on treatment and in 
remission prior to angiography. A hypertensive 
crisis can be precipitated in patients with a known 
pheochromocytoma.  

    Preprocedure Evaluation 

 As with any procedure the indications must be 
valid. Specifi c allergies, abnormal renal function, 
or laboratory parameters need to be treated or 
corrected as in the adult population. Laboratory 
values vary within the pediatric population. 
Neonates (age <28 days), usually hypercoagula-
ble, can have prolonged values. It is generally 
accepted that angiography can be performed 
safely with a platelet count of greater than 50,000/
μL, prothrombin time of less than 18 s, partial 
thromboplastin time of less than 32 s, and an 
International Normalized Ratio (INR) of less 
than 1.2 (elective cases) or 1.5 (urgent cases). 
Coagulopathies may need to be corrected with 
fresh frozen plasma, vitamin K, or platelet trans-
fusion [ 1 ]. A full physical examination of the 
patient is warranted along with evaluation of 
extremity pulses. In the majority of cases, angi-
ography will be performed with the use of gen-
eral anesthesia with conscious sedation being 
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used for older patients. Chapters   2     and   3     of this 
handbook discuss radiation safety and pediatric 
sedation, respectively. In addition, Chap.   3     includes 
a description of special anesthesia considerations 
for angiography.  

    Technique 

 Depending on the size of the patient, obtaining 
arterial access may prove to be a challenge. 
Vessels are more superfi cial especially in neo-
nates and infants and are more prone to vaso-
spasm, thrombosis, and occlusion. This is seen 
especially in children weighing less than 15 kg 
[ 1 ,  6 ,  7 ]. 

 The standard approach in obtaining arterial 
access is with palpation. This can become chal-
lenging in a neonate, young infant, or very obese 
child. As a result, using ultrasound guidance to 
obtain access should be considered to allow 
access to be quick and limited to a single-needle 
puncture. Ultrasound guidance would also be 
useful in the pediatric patient with a history of 
multiple prior angiograms where peripheral 
pulses may be more diffi cult to palpate. As in the 
adult population, access is obtained below the 
inguinal ligament with the common femoral 
artery being the standard access site. Ultrasound 
allows the interventionalist to determine the site 
of bifurcation of the femoral artery to allow for 
appropriate puncture above the bifurcation. Other 
sites can be chosen for access. These include 
axillary, brachial, and umbilical access [ 2 ,  6 – 9 ]. 
The umbilical artery can be used for up to 5 days 
after birth and represents an excellent alternate to 
femoral puncture to avoid potential access site 
complications [ 2 ,  9 ]. Axillary access is indicated 
in patients with occluded femoral arteries. 

 Double- or single-wall access can be done 
safely. Starting with a smaller gauge needle and 
fl oppy wire combination, e.g., 21-Ga/0.018-in. 
guidewire is advantageous primarily in smaller 
patients. Conversion to a 0.035-in. system is then 
performed with a 4- or 5-Fr micropuncture sheath 
depending on patient size. The routine use of a 
vascular sheath is operator dependent; however, 
it is recommended that a vascular sheath be used 

if there will be multiple catheter exchanges or 
manipulations [ 1 ]. Vascular sheaths and angio-
graphic catheters are available as small as 3-Fr in 
size. In patients weighing greater than 10 kg, 4-Fr 
angiographic catheters can be used for diagnostic 
angiography with 3-Fr catheters used in patients 
under 10 kg in weight [ 7 ]. If a microcatheter is 
going to be used, it can be placed directly through 
an indwelling 3- or 4-Fr vascular sheath. In fact, 
if the intent is to perform an embolization proce-
dure, 4-Fr 0.038-in. inner diameter catheters are 
widely available to accommodate a coaxially 
placed microcatheter thereby limiting the size of 
the vascular sheath to 4-Fr. 

 It is generally recommended for patients 
weighing less than 15 kg; intraprocedural sys-
temic heparin should be administered to prevent 
access site thrombosis. A dose of 75–100 IU/kg 
is typically used. In prolonged cases, activated 
clotting time can be useful to determine the 
appropriate level of anticoagulation [ 1 ]. The 
common medications that can be administered 
during angiography are listed in Table  4.1 .

   As opposed to the adult population, vessels 
within the pediatric population are not tortuous 
making catheter selection and advancement eas-
ier. Since pediatric vessels are prone to vaso-
spasm, leading with a wire is suggested. Also, 
careful attention to the volume of fl ushes and 
contrast administered is important to avoid vol-
ume overload. It is recommended that the volume 
of contrast used in neonates should be less than 
5 mL/kg and 6–8 mL/kg in patients outside the 
neonatal age group [ 1 ,  2 ]. These limits can be 
exceeded depending on the necessity of interven-
tion, complexity of the procedure, and the overall 
procedure time. Contrast injection rates vary 
depending upon the weight of the patient as seen 

    Table 4.1    Pediatric dosing of medications used during 
angiography   

 Nitroglycerin  1–3 μg/kg intra-arterial in 1 μg/kg 
aliquots 

 Heparin  75–100 IU/kg intravenous 
 Protamine  10 mg intravenous per 1,000-IU heparin 
 Glucagon  20–300 (max 200 in neonates) μg/kg 

IV/IA max 1 mg 
 Papaverine  1 mg/kg intra-arterial 
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in Table  4.2  [ 1 ,  6 ,  10 ,  11 ]. In smaller patients, 
most selected vessels are interrogated with hand 
injection of contrast especially in patients weigh-
ing less than 15 kg. Closure devices are not rec-
ommended in the pediatric population due to the 
smaller size of vessels that are already prone to 
spasm and injury. Hemostasis patches have been 
shown to be useful in reducing post-angiography 
hematoma formation and compression times in 
children undergoing cardiac catheterization [ 12 ].

       Complications 

 Although low, the rate of complications increases 
in patients with less than 15 kg in weight. The 
development of smaller profi le devices has 
helped to further decrease the complication rate. 
In adults, the overall complication rate of angiog-
raphy is less than 1 % and can be as high as 10 % 
within the pediatric age group especially in chil-
dren less than 1 year of age [ 13 ,  14 ]. Puncture 
site complications can be as high as 25 % in 
patients less than 15 kg when arterial interventions 
are performed. These include hematoma, dissec-
tion, thrombosis, occlusion, pseudoaneurysm, 
and arteriovenous fi stula formation. The major of 
access site complications are self-limiting and 
require no further intervention. The number of 
examinations, larger sheath size, and alternative 
access sites such as the axillary or brachial artery 
can lead to increased risk. US guidance will limit 
access to a single puncture resulting in a decreased 
complication rate. 

 As in the adult population, nitroglycerin at a 
dose of 1–3 µg/kg can be administered intra- 
arterially in 1 µg/kg aliquots to treat or prevent 
vasospasm. Concomitant administration of sys-
temic heparin at a dose of 75–100 µg/kg will 
prevent thrombosis primarily in patients under 
15 kg in weight. Treatment of arterial thrombo-
sis includes keeping the extremity warm with 
blankets and heparin infusion to keep PTT twice 
 normal [ 1 ]. Importantly, because children will 
develop good collaterals, it is uncommon for 
claudication or leg length discrepancy to develop 
in the future [ 15 ]. Thrombolysis and thrombec-
tomy of arterial thrombosis are described in 
Chap.   15    . 

   Table 4.2       Contrast injection rates and volumes in pediatric 
angiography   

 Patient weight (kg) 

 Artery  <10  10–20  20–50  >50 

 Aorta   b   5–10 for 
8–15 

 10–20 for 
20–40 

 20–25 for 
25–50 

 Celiac   b   2–3 for 
10–20 

 3–5 for 
15–30 

 5–8 for 
30–60 

 Splenic   b   2–3 for 
20–15 

 3–5 for 
15–20 

 5–8 for 
20–50 

 Hepatic   b   2–3 for 
5–10 

 3–5 for 
10–15 

 5–8 for 
15–25 

 SMA   b   2–3 for 
10–15 

 3–5 for 
15–30 

 5–8 for 
30–50 

 IMA   b    b   1–3 for 
6–9 

 2–3 for 
10–15 

 Renal   b   2–4 for 
3–5 

 3–5 for 
6–9 

 5–8 for 
10–15 

 Adrenal   b    b    b    b  
 Subclavian   b   2–3 for 

4–6 
 3–4 for 
6–15 

 5–8 for 
15–25 

 Common carotid   b   2–3 for 
3–5 

 4–6 for 
5–10 

 6–8 for 
10–15 

 Internal carotid   b   1–2 for 
3–5 

 2–4 for 
5–8 

 4–5 for 
6–10 

 External carotid   b    b    b   2–3 for 
6–9 

 Vertebral   b    b   2–5 for 
4–6 

 4–7 for 
6–9 

  Note: values presented as rates in mL/s for total volumes in 
mL. No consensus is available on injection rates or volumes, 
and these fi gures serve as suggested reference ranges only. 
Improvements in imaging, contrast agents, and injector 
pumps, as well as use of medications (e.g., bowel paralytic 
agents or vasodilators), may result in signifi cant variability 
from institution to institution. Pump injections are often 
required for arteriography performed in regions requiring 
high fl ow rates (e.g., aorta); however, many pediatric 
 angiographers prefer hand injections for selective arteriog-
raphy, or in arteriography in neonates and small infants, to 
maximize control of arterial bed opacifi cation and minimize 
contrast agent refl ux or excessive injection rates 
  IMA  inferior mesenteric artery,  SMA  superior mesenteric 
artery 
  a Low rates and volumes recommended in each weight cate-
gory for those toward the lower limit of the range, whereas 
higher rates and volumes are recommended for those toward 
the upper limit of each weight category. Arterial phase 
imaging of 3–4 frames per second is suggested, whereas 
injection imaging into venous phase (e.g., splenoportogra-
phy) will likely require greater contrast medium volumes 
and slower imaging (i.e., down to 1 frame per second) 
  b Hand injection recommended 
  With permission from Heran MK ,  Marshalleck FE ,  Temple 
M  et al.  Joint quality improvement guidelines for pediatric 
arterial access and arteriography :  from the Societies of 
Interventional Radiology and Pediatric Radiology. 
Pediatr Radiol  ( 2010 ) 40 : 238 - 250  [ 1 ]  
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 Hypoglycemia and hypothermia are more 
prevalent in the neonate age group primarily 
within premature patients. Prevention of hypo-
thermia is discussed in Chap.   2     of this handbook. 
Hypoglycemia can be treated with boluses of 
5–10 % glucose peripheral with higher dose used 
centrally [ 1 ]. 

 The risk of contrast nephropathy in adults  varies 
from 7 to 25 % depending on preexisting risk fac-
tors such as renal insuffi ciency, diabetes, vascular 
disease, and nephrotoxic medications. The risk can 
be decreased, as in adult population, with the use 
of low osmolar or diluted contrast medium, prepro-
cedure hydration, and with the use of alternative 
contrast agents such as carbon dioxide [ 16 ].  

    Postprocedure Care 

 Immediately after the examination, the periph-
eral pulses are felt and the groin reexamined in 
the recovery room for any evidence of hematoma. 
Inpatients are reevaluated the next day on the 
ward. Outpatients will be contacted with a follow-
 up phone call within 24 h. 

  Chapter Summary 

 Indications
•    Diagnostic indications now uncommon

 –    Intracerebral vascular disease     
 –   Renovascular hypertension  
 –   Gastrointestinal bleeding  
 –   Trauma     

•   Therapeutic
 –    Embolization  
 –   Angioplasty       

 Contraindications
•    Noninvasive method of diagnosis  
•   Contrast allergy  
•   Severe hypertension  
•   Coagulopathy  
•   Renal insuffi ciency  
•   Volume restrictions  
•   Skin infection  
•   Active vasculitis or collagen vascular disease  
•   Pheochromocytoma    

 Preprocedure workup
•    Bloodwork

 –    CBC, PTT, INR  
 –   BUN, creatinine       

 Equipment
•    Access

 –    Micropuncture set (especially for smaller 
infants)  

 –   19-G single-wall puncture needle for larger 
infants        

•   3–7-Fr vascular sheath, long or short  
•   Angiographic catheters: 3–7-Fr microcatheters  
•   Drugs: see Table  4.1 , page X       

 Technique
•    US for access  
•   Consider heparin for <15 kg  
•   Considerations

 –    Maximum contrast dose: <5 mL/kg in 
 neonates, 6–8 mL/kg in others  

 –   Avoid volume overload  
 –   Appropriate warming techniques     

•   Closure devices NOT recommended    

 Complications
•    Higher in smaller patients  
•   Puncture site complications

 –    Hematoma  
 –   Dissection  
 –   Thrombosis  
 –   Pseudoaneurysm  
 –   Arteriovenous fi stula     

•   Hypothermia  
•   Hypoglycemia  
•   Contrast nephropathy    

 Postprocedure care
•    Monitor peripheral pulses  
•   Follow-up phone call within 24 h         
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          Indications for Renal Arteriography 

   Includes evaluation for: 
  Vascular cause of hypertension  
  Cause of hematuria  
  Vasculitis  
  Bleeding in setting of trauma  
  Bleeding following renal biopsy     

   Hypertension Evaluation 

 One to fi ve percent of children are hypertensive 
and, of those, it is not well known how many will 
have an arterial cause but this number ranges 
from 5 to 25 %. It is beyond the scope of this 
chapter to assess the complex issue of children 
with hypertension and how the different modali-
ties (US, Doppler, CTA, MRA) should be used in 
the workup. The renal arteriogram remains the 
gold standard in identifying or excluding an arte-
rial abnormality as the cause of hypertension.  

   Indications for Arteriography 

 Hypertension >99th percentile for age and requir-
ing more than two drugs for control. Shahdadpuri 
reported that angiograms were positive 43 % of 
the time in patients who met these criteria.  

   Special Considerations 

 In very small infants (under 18 month of age), the 
ability to treat a lesion with angioplasty or embo-
lization even if identifi ed is small. It is preferred 
not to do an arteriogram under this age if the 
hypertension can be managed medically. Our rec-
ommendation is to wait until the child is at least 
2 or 3 years of age before doing an arteriogram.  

   Etiology 

   Etiology can include any of the following long 
lists of disorders: 
  Fibromuscular dysplasia (approximately 60–80 % 

of all causes) (Figs.  5.1  and  5.2 )
      Neurofi bromatosis I (Figs.  5.3 – 5.5 )
       Midaortic syndrome (Fig.  5.6 )
     William’s syndrome  
  Takayasu’s arteritis (Fig.  5.7 )
     Polyarteritis nodosa  
  Radiation therapy  
  Trauma (Fig.  5.8 )
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     Congenital rubella syndrome  
  Tuberous sclerosis  
  Marfan’s syndrome  
  Klippel-Trenaunay-Weber  
  Epidermal nevus syndrome  
  Tumor encasement (neuroblastoma)     

   Technique 

   Preprocedure 

 Hypertensive medications are generally not with-
held even if treatment is to be undertaken. Renal 
function should be known with BUN and creati-
nine levels checked within last 30 days.  

   Anesthesia 

 General anesthesia is recommended for all diag-
nostic and interventional procedures. General 
anesthesia can provide apnea eliminating respi-
ratory motion and also provides for longer 
procedures.  

   Access 

 The femoral artery is most often used for access 
and is always using ultrasound guidance with a 
4.5 Fr vascular sheath inserted. We have on occa-
sion used brachial artery or even carotid artery 
access (with assistance of cardiovascular sur-
gery) for patients in whom unfavorable renal 
artery or aorta anatomy makes cephalad access 
preferable.  

   Anticoagulation 

 Heparin, 50–100 units/kg, is given after insertion 
of the vascular sheath.  

   Aortogram 

 Aortogram is almost always performed fi rst. This 
provides an assessment of the main renal arteries 
prior to any guidewire or catheter instrumenta-
tion of the renal artery that may produce spasm 
and mimic a stenosis (Fig.  5.9 ). A 4 Fr pigtail 
catheter is preferred and positioned below the 
superior mesenteric artery to avoid refl ux into 
overlying arteries. Renal arteries usually arise at 
the level of L1–L2.

  Fig. 5.1    FMD in a 12-year-old with hypertension. 
Angiographic fi ndings typical for the intimal fi broplasia 
type of FMD       

  Fig. 5.2    FMD in a 4-year-old with hypertension. 
Angiographic fi ndings reveal long-segment smooth steno-
sis with post-stenotic dilation of an intrarenal segmental 
artery       
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   Contrast volume: As a general rule, the vol-
ume necessary for an upper abdominal aortogram 
is 1 cm 3 /kg. Below the celiac artery and SMA, 
0.8 cm 3 /kg up to an adult volume of 25 cm 3  
should be adequate. 

 Flow rate should be such that entire volume is 
injected over 1–1.5 s. Most 4 Fr pigtail catheters 
have a limit of 17 cm 3 /s maximum rate at 
1,200 psi.  

   Selective Arteriography 

 Every renal arteriogram should have selective 
catheterizations to evaluate for small lesions 
that may be missed on the aortogram (Fig.  5.10 ). 
A 4 Fr reverse curve (Sos 1 or 2) catheter is pre-
ferred to catheterize each renal artery. Cobra- 
shaped catheters will often recoil out of the renal 
artery; thus, the reverse curve shapes are pre-
ferred. Thirty to forty percentage of patients will 
have multiple renal arteries and each should be 
selectively catheterized.

   Hand injections are often performed in small 
children with volumes of 3–5 cm 3 . Large adoles-
cent children will require adult rates of 6–8 cm 3 /s 
and volumes of 10–15 cm 3 . 

 DSA imaging is required with apnea. Rapid 
sequences of 4 frames/s for the aortogram are 
desired. Three frames/s during the selective 
angiograms are used. Two oblique views are 
obtained with approximately 5 and 25° of angu-
lation toward the ipsilateral side. 

  Fig. 5.3    NF1 and severe renal artery stenosis. ( a ) 
Angiogram of left kidney reveals irregular main renal 
artery with stenosis. ( b ) Post angioplasty reveals slight 

improvement but considerable narrowing and irregularity 
persists. Patient had some improvement but developed 
restenosis 2 years later requiring repeat angioplasty       

  Fig. 5.4    NF1 and hypertension. Angiogram of the left 
kidney reveals multiple aneurysms in the renal hilum. No 
endovascular options were considered in this patient       

 

 

5 Renal Arteriography and Interventions



56

  Fig. 5.5    NF1 with diffi cult balloon dilation. Angiogram reveals irregularity and narrowing of the main renal artery. 
Balloon waist persists during dilation       

  Fig. 5.6    Midaortic syndrome with bilateral renal artery stenosis. ( a ) Angiogram reveals narrowing of the aorta and 
proximal renal arteries. ( b ,  c ) Brachial access used for bilateral angioplasties       
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 The diagnostic arteriogram should be under-
taken with the most careful technique so that iso-
lated small intrarenal lesions are not overlooked.   

   Angiographic Findings 

 There can be a number of direct and indirect 
 fi ndings indicating the presence of a signifi cant 
vascular lesion: 

   Stenosis 

 Stenosis may be seen secondary to a number of 
causes listed above. The most common etiology 
is fi bromuscular disease (FMD) which is an idio-
pathic angiopathy characterized by noninfl am-
matory fi brodysplastic narrowing of medium-size 
arteries. FMD has been classifi ed into intimal, 
medial, and perimedial subtypes. Lesions with 
intimal fi broplasia generally demonstrate highly 
stenotic localized lesions often with post-stenotic 
dilation. Perimedial fi broplasia is characterized 
by severe focal stenoses and mild beading. 
Medial fi broplasia is characterized by more typi-
cal beaded appearance. Approximately 50 % of 
children with renal artery stenosis will have main 
renal artery disease, and the other half may have 

isolated intrarenal stenoses. This underscores the 
need for careful evaluation of the selective renal 
artery injections (Fig.  5.11 ).

      Post-stenotic Dilation 

 Post-stenotic dilation may be the only abnormal-
ity seen and should prompt additional views be 
obtained to try and identify a subtle stenosis or 
web (Figs.  5.12  and  5.13 ).

       Intrarenal Collateral Vessels 

 Intrarenal collateral vessels are seen in approxi-
mately 50 % of patients with stenotic lesions. 
Identifi cation of collaterals should lead to thor-
ough assessment of entire arterial anatomy as the 
stenoses may be subtle and readily seen. Careful 
angiography with additional oblique projections 
or rotational angiography may be necessary to 
identify subtle stenoses (Figs.  5.14  and  5.15 ).

       Aneurysms 

 Aneurysms can be seen in 28 % of patients with 
FMD and NF1 patients (Fig.  5.4 ).  

   Delayed Contrast Perfusion 

 Delayed contrast perfusion of renal parenchyma 
may be seen as result of a large stenosis.   

   Distribution of Renal Artery 
Stenosis Lesions 

 The stenoses encountered in the renal vasculature 
can be seen from the ostium of the main renal 
artery to the parenchyma. In a series by Srinivasan 
of 43 patients with renal artery stenosis, ostial 
stenoses were present 33 % of the time. Bilateral 
disease was seen in 30 % of patients. 

 An important distribution of renal lesions noted 
in two separate studies by Deal and Vo is that in 

  Fig. 5.7    Takayasu’s arteritis. Focal narrowing and ectasia 
of the main and segmental renal arteries are seen in this 
patient found to have large vessel abnormalities through-
out the upper extremities and thoracic vessels as well       
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  Fig. 5.8    Traumatic injury of the renal artery from motor 
vehicle accident. ( a ,  b ,  c)  CTA reveals poor perfusion of 
the right kidney, and reconstructions show a mid-renal 

artery lesion. ( d ) Selective angiography shows an intimal 
dissection of the mid-renal artery. ( e ) Angioplasty was 
successful in revascularizing the kidney       
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approximately 50 % of patients the  stenoses were 
found exclusively in second order and smaller renal 
arteries and did not involve the main renal artery 
(Fig.  5.16 ). This underscores the need for careful 
selective arteriography to look for such lesions. It is 
also important to keep this in mind when judging 
the validity or sensitivity of noninvasive imaging 
modalities (Doppler, CTA, MRA, captopril renog-
raphy) to detect such lesions.

     Vasculitis 

 Infl ammation of vessels can affect all vessels of the 
body including the kidney. Diagnosis usually 
requires a biopsy and only rarely requires angiogra-
phy. Intrarenal aneurysms and irregularity of small 
vessels is seen with polyarteritis nodosa (Fig.  5.17 ). 
Takayasu’s arteritis, uncommonly seen in fi rst and 
second decades of life, involves large vessels but 
can involve renal arteries in 25–40 % of patients.

      Trauma 

 Pseudoaneurysms, arteriovenous shunting, arterial 
occlusion, and communication with the collecting 
system may all be seen following trauma including 
following biopsies. Angiography is indicated if 
therapeutic intervention is considered.   

   Interventions 

   Hypertension 

   Revascularization of the compromised renal vascu-
lature can be curative and allay serious sequelae of 
hypertension such as nephrosclerosis and cerebro-
vascular, cardiac, or retinal injury. If not curative, 
revascularization can reduce the polypharmacy 
requirements in a signifi cant number of patients. 
When a stenotic lesion is identifi ed, there are a 
number of questions that need to be addressed: 
   1.    Is the lesion signifi cant and does it need to be 

treated? Based on the improved clinical results 
following angioplasty and embolization of the 
very smallest of lesions, it appears that any 
stenosis in the setting of hypertension deserves 
an attempt at correction.   

   2.    What is the best method: open surgery or 
via endovascular techniques? Surgery has for 
years been successful at autotransplantion of 
kidneys for main renal artery lesions. “Bench” 
surgery has also been shown to be effective 
at partial nephrectomy sparing normal renal 
parenchyma. However, improved materials 
have made endovascular techniques highly 
successful and in most centers would be con-
sidered the preferred primary approach.   

   3.    When should the lesion be corrected? If a 
small child’s hypertension is well controlled 

  Fig. 5.9    Selective arteriogram of right kidney reveals an area of spasm in the lower pole branch not present on the 
aortogram. (b) During selective catheterization the guide wire advanced into the lower pole artery causing spasm       
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medically, it is preferred to defer attempts to 
correct a lesion until the child is 3–4 years old. 
This will make any procedure technically easier, 
likely more successful, and probably safer.   

   4.    Should bilateral lesions be treated at the same 
setting? Doing procedures on both kidneys 
raises the risk, but if the fi rst procedure has gone 
smoothly and the desired result has been 
achieved, I would recommend proceeding with 
the contralateral side.      

   Percutaneous Transluminal 
Angioplasty 

 Percutaneous transluminal angioplasty (PTA) 
has gained acceptance as fi rst-line treatment in 
adults with RAS and is should be considered 
fi rst-line treatment for children as well. Stents, 
readily used in adults, should be avoided in 
children except as a last resort to salvage a 
kidney. 

  Fig. 5.10    Segmental    stenosis of right lower pole branch 
seen on selective angiogram. This lesion was not apparent 
on the aortogram performed with a fl ush catheter from the 

abdominal aorta. (a) lower pole stenosis demonstrated. 
(b) Following angioplasty. (c) improved lower pole blood 
fl ow was seen       
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  Fig. 5.11    FMD in a 5-year-old patient with hyperten-
sion. ( a ) Selective angiography reveals a relatively focal 
narrowing of the upper pole main renal artery. ( b ) Post 

angioplasty (4-mm balloon) with guidewire still across 
the area of dilation, an angiogram reveals the improved 
angiographic results       

  Fig. 5.12    A 6-year-old with hypertension. ( a)  Selective 
angiogram reveals a suspicious “dilated” vessel in the 
mid- polar region of the left kidney. ( b ) Following addi-
tional oblique projection angiograms, a rotational angio-
gram with 3D reformations was performed confi rming a 
stenosis with post-stenotic dilation of a small lower pole 

interlobular artery. ( c ) Selective catheterization of this 
vessel was performed with microcatheter and the seg-
mental artery embolized with ethanol (4 mL). Post-
embolization angiogram reveals occlusion of the artery. 
The patient’s hypertension resolved       
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   PTA Technique 
 Heparin 100 units/kg is administered. Nitroglycerin 
1–2 μg/kg is administered directly into the renal 
artery. After selecting the renal artery with an 
appropriate guidewire, a guiding sheath (5–6 Fr) is 
advanced to the ostium. Use of a guiding sheath 
may not be possible in small children or infants. 
The stenosis can be crossed with either a 0.035″ 
wire or a microwire 0.018″ or smaller. Coronary 
balloons (2–6 mm) used with microwires are suited 
to treat lesions in small children. Cutting balloons 
have been used in resistant stenoses with success. 

Follow-up  angiograms are performed following 
balloon dilation through the guide sheath while 
leaving the guidewire across the stenosis. 

 Use of two simultaneous wires may be desired 
for treatment of multiple intrarenal lesions.  

   Postprocedure Care 
 After angioplasty, patients are admitted for care-
ful monitoring of blood pressure. This may be 
best done in an ICU setting particularly if a cut-
ting balloon was used or if a dissection was noted 
during the angioplasty. Heparin is continued over-

  Fig. 5.13    Upper pole stenosis with post-stenotic dilation. The initial fi nding was the mildly ectatic (post-stenotic dila-
tion) upper pole vessel. A web stenosis was only seen after several oblique projections were done       
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  Fig. 5.14    Intrarenal segmental arterial occlusion with 
collaterals and delayed upper pole artery fi lling. ( a ) An 
early arterial phase angiogram reveals extensive collateral 
vessels in the mid-portion of the kidney and nonvisualiza-

tion of normal upper pole arteries. ( b ) A delayed image 
reveals the upper pole artery fi lling solely through the 
intrarenal collaterals. Angioplasty and embolization 
options were unsuccessful in this patient       

night at 20 units/kg/h. An ultrasound examination 
with Doppler is performed the following morning. 
Clopidogrel bisulfate (75-mg loading dose and a 
half tablet of 37.5 mg daily) or aspirin (81 mg 
daily) should be administered for 6 weeks.  

   Results 
 Technical results following angioplasty range 
from 85 to 95 %. Cure of hypertension can be 
expected in 40 % of patients. Overall clinical 
improvement is seen from 50 to 80 % of patients. 
Restenosis can be expected in 25 % of patients.    

   Embolization 

   Embolization of Intrarenal Stenoses 

 Renal-sparing angioplasty should always be the 
desired approach. If angioplasty is not technically 
feasible because of occlusion of an intrarenal 
artery, unfavorable anatomy or a very tiny vessel 
embolization of a segment of renal parenchyma 
may cause infarction of the  renin- producing tissue 
and improve the hypertension. Liquid agents (etha-
nol) are preferred over coils or particles because of 
the possibility of collaterals forming around the 

more central occlusion. Liquid agents ideally will 
perfuse and cause tissue destruction of the paren-
chyma thus precluding the formation of collaterals. 
Since embolization of small intrarenal vessels can-
not be done with a protective balloon, the infusion 
of alcohol must be done slowly to avoid refl ux 
unless the catheter is occlusive and a more forceful 
injection is thought to be safe. A theoretical limita-
tion of this technique is that alcohol may occlude a 
feeding vessel quickly and not perfuse the paren-
chymal tissue adequately to avoid watershed zones 
of ischemia around the targeted tissue. 

 If the vessel feeding the ischemic paren-
chyma is completely occluded, microcatheter-
ization of a collateral vessel may allow 
embolization of the target parenchyma through 
the collateral. 

   Postprocedure Care 
 Following embolization, hospitalization for 
blood pressure monitoring is necessary, but hepa-
rin and antiplatelet agents are not.  

   Results 
 There are a number of case reports and small 
series of children with successful segmental 
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  Fig. 5.15    An 18-month-old with hypertension. ( a ) 
Selective angiogram reveals an intra-renal stenosis 
( arrow ) and several tortuous collateral vessels ( arrow-
heads ). Initial attempts to cross the tight stenosis failed. 
( b ) The patient returned a year later and the stenosis could 
still not be crossed. A collateral vessel was engaged with 

a microcatheter (arrow) and the sequestered segment 
embolized with ethanol. ( c ) Post-embolization angiogram 
reveals embolization of the upper pole of the kidney. ( d ) 
A renogram performed several months later (posterior 
image) reveals only 25 % residual function of the left kid-
ney. Hypertension, however, was signifi cantly improved       

artery embolization for hypertension. No large 
pediatric series have been published.  

   Stents 
 The use of stents is generally discouraged in chil-
dren because of the long life expectancy and 
expected growth of the renal arteries (Fig.  5.18 ). 
Stents have been used when angioplasty has failed 
and there is no reasonable alternative kidney spar-
ing treatment. Shroff reported a series of 33 patients 
with renal artery stenosis in whom 10, with poor 

angioplasty results, had stents placed. They report 
37 % stenosis rate after stent deployment.

       Embolization for Post-biopsy 
Hemorrhage 

 Signifi cant hemorrhage following renal biopsy 
occurs from 1.5 to 3 % of the time (Fig.  5.19 ). If 
hematuria persists, embolization may be indicated. 
Selective catheterization with microcatheters and 
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  Fig. 5.16    A 5-month-old with hypertension. ( a ) Early 
angiogram reveals no obvious arterial stenoses. ( b ) Late 
arterial phase reveals a mid-polar artery ( arrow ) fi lling via 

collateral vessels. The artery was completely occluded 
and attempts to revascularize the artery were unsuccess-
ful. Embolization via collaterals has not been attempted       

  Fig. 5.17    A 7-year-old with hypertension. ( a ) Angiogram 
reveals marked small vessel intrarenal artery irregularity 
with small aneurysms throughout the both kidneys. ( b ) 

Hepatic artery angiogram reveals vessel irregularity with 
aneurysms in the liver typical of polyarteritis nodosa       

embolization with microcoils are preferred in order 
to minimize the amount of normal renal paren-
chyma that is embolized in the process of occlud-
ing the site of bleeding.

      Embolization of Arteriovenous 
Fistulas 

 Embolization of arteriovenous fi stulas occurs up to 
9 % of the time following biopsies of both native 

and transplant kidneys. Fistulae may be clinically 
silent and be detected on routine renal imaging or 
may compromise renal function by stealing blood 
fl ow from the rest of the kidney (Fig.  5.20 ). Coils 
are the preferred embolic materials.

      Embolization of Angiomyolipoma 

 Angiomyolipomata are found in patients with 
tuberous sclerosis generally after the fi rst 
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  Fig. 5.18    A 2-month-old with seizures and severe hyper-
tension. ( a ) CTA reformatted image reveals occlusion of 
the left renal artery. ( b ) Angiogram confi rms occlusion of 
the artery. ( c ) Successful recanalization of the artery was 
performed with angioplasty but recurrent occlusion 
occurred. ( d ) As there was no surgical option feasible, 

decision was made to place a stent. ( e ) Several months 
later, the stent was shown to be occluded, and a second 
stent was deployed inside and slightly distal to the fi rst 
stent. ( f ) Angiogram following the second stent insertion 
shows revascularization of the kidney. Stent placement is 
considered a procedure of last resort       
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  Fig. 5.19    A 3-month-old with gross hematuria s/p nee-
dle biopsy several hours earlier. ( a ) US reveals clot forma-
tion in the bladder. ( b ) Selective angiogram with 

microcatheter reveals contrast opacifi cation of the collect-
ing system. Microcoils were successful embolizing the 
bleeder       

  Fig. 5.20    A 15-year-old with decreasing renal function 1 
year post renal transplant. ( a ,  b ) CTA with 3D reconstruc-
tions reveals an arteriovenous fi stula in the lower pole of 

the transplant kidney. ( c ) Angiogram confi rms the AV fi s-
tula. ( d ) Post-coil embolization angiogram reveals suc-
cessful occlusion of the fi stula       

decade of life. Angiomyolipomata can reduce 
renal reserve and lead to insuffi ciency and fail-
ure. As the lesions enlarge, they may bleed and 
require emergent embolization. They may also 
be embolized preemptively to avoid acute 

bleeding episode (Fig.  5.21 ). Embolizing 
lesions larger than 4 cm the risk of hemorrhage 
is reduced. Selective embolization preserves 
renal parenchyma in these patients at risk for 
further renal events.
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  Fig. 5.21    Teenager with tuberous sclerosis and hema-
turia. ( a ,  b ) Early and late angiograms reveal a hyper-
vascular angiomyolipoma in the lower pole of the kidney. 

( c ) Post-selective embolization of the lower pole of the 
kidney reveals devascularization of the neoplasm. Case 
courtesy of John Racadio, MD       

Fig. 5.20 (continued)
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  Fig. 5.22    A 17-year-old football player with hyperten-
sion that developed after fractured kidney the prior year. 
( a ) Angiogram reveals a small right kidney consistent 
with Page kidney. ( b ) Ethanol ablation was performed and 
hypertension resolved       

       Renal Ablation with Ethanol 

 Select cases are reported in the literature where 
complete renal ablation can be performed with 
ethanol. Hidaka reported renal ablation of benign 
renal conditions using ethanol intra-arterially and 
sclerotherapy of the collecting system via percu-
taneous nephrostomy. Laparoscopic techniques 
have signifi cantly reduced the morbidity of a 
nephrectomy procedure probably reducing the 
advantage for endovascular techniques. 
Nevertheless, ablating the kidneys with ethanol 
should still be considered an option in children 
needing nephrectomy to control hypertension. A 
small kidney, such as a Page kidney, can be easily 
treated with ethanol ablation with little post- 
embolization morbidity (Fig.  5.22 ).

    Chapter Summary 

   Indications 
•   Hypertension

 –    Hypertension >99th percentile; requiring 
more than two drugs     

•   Hematuria  
•   Vasculitis

 –    Usually biopsy proven, angiography rarely 
required     

•   Trauma  
•   Post biopsy   

  Equipment 
•   4 Fr vascular sheath  
•   Catheters

 –    Pigtail  
 –   Sos  
 –   Cobra      

  Preprocedure Workup 
•   Continue medications  
•   BUN, creatinine   

  Technique 
•   GA  
•   Heparin: 50–100 units/kg  
•   Aortogram  
•   Selective catheterization

 –    Multiple renal arteries in 30–40 %     
•   DSA with apnea, AP and 5- and 25° ipsilateral 

oblique angulation  
•   Findings

 –    Stenosis  
 –   Post-stenotic dilation  
 –   Intrarenal collaterals  
 –   Aneurysm  
 –   Delayed opacifi cation     

  • PTA
 –    Heparin ± nitroglycerin  
 –   5–6 Fr long guiding sheath  
 –   0.014–0.035″ wire  
 –   Balloons

   ∘ Rapid exchange or over the wire.  
  ∘ Cutting balloons have been used.     

 –   Repeat angiogram with wire in place     
•   Embolization

 –    Renal ablation: focal or diffuse
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   ∘ Ethanol preferred  
  ∘ Slow injection to avoid refl ux  
  ∘ Consider embolization of collateral     

 –   Post-biopsy hemorrhage
   ∘ Microcoils as peripheral as possible     

 –   Arteriovenous fi stulae
   ∘ Coils preferred when treatment necessary     

 –   Angiomyolipoma
   ∘ Lesions larger than 4 cm (artery >3 mm) 

prone to bleeding        
•   Stents

 –    Avoid in children whenever possible.      

  Postprocedure Care 
•   PTA

 –    Hospital admission for BP monitoring
   ∘ Consider ICU especially if complicated     

 –   Heparin: 20 units/kg/h  
 –   Ultrasound following day  
 –   Antiplatelet agent     

•   Embolization/ablation
 –    Hospital admission for BP monitoring            
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          General/Background Information 

 Hemoptysis, defi ned as the expectoration of 
blood or bloody sputum, is rare in children. It 
must be differentiated from mimics such as 
gastrointestinal bleeding and nosebleeds [ 1 ]. 
While there are many etiologies for pulmonary 
hemorrhage (Table  6.5 ), cystic fi brosis (CF) is 
the most common cause of severe hemoptysis 
in the western hemisphere and developed coun-
tries [ 1 – 6 ].

   The pathophysiology of pulmonary hemor-
rhage in CF patients is chronic infl ammation 
leading to blood vessel hypertrophy, increased 
pulmonary artery pressure, arteriovenous fi stulas, 
and angiogenesis [ 4 ,  7 ,  8 ]. These tortuous, thin- 
walled arteries supply bronchopulmonary anas-
tomoses in peribronchial granulation tissue and 
are easily injured during coughing and active 
infl ammation [ 6 ,  9 ]. The inciting causes are 
hypoxic vasoconstriction, intravascular thrombo-
sis, and vasculitis at the pulmonary arteriole level 
[ 2 ,  5 ]. In addition, these patients are often coagu-
lopathic with a relative vitamin K defi ciency due 

to poor intestinal absorption, liver disease, and 
the use of penicillins [ 1 ,  4 ,  8 ]. 

 Hemoptysis occurs in 5–61 % of adults with 
CF but is less common in children with an inci-
dence of approximately 1 % [ 4 ,  8 ]. Hemoptysis 
is mild and self-limited. Massive hemoptysis 
occurs in 5–7 % of patients, increases in inci-
dence over time (only 8 % of these are less than 
10 years old), [ 10 ] and has a yearly incidence of 
1 % in the CF population with a median age of 
onset in the third decade [ 1 ,  4 ,  7 ,  9 ,  11 – 14 ]. 75    % 
of patients with massive hemoptysis have mild to 
moderate lung disease as defi ned by their forced 
expiratory volume at 1 s (FEV1) being at 
50–75 % of expected [ 14 ]. This can cause death 
in up to 75 % of patients, usually as a result of 
asphyxiation [ 7 ,  9 ,  13 ,  15 ]. The mortality rate 
with surgical treatment is 35 % [ 2 ,  13 ]. The pres-
ence of hemoptysis is a poor prognostic factor 
and is associated with a lower quality of life [ 1 , 
 12 ]. Vidal et al. reported on CF patients with 
hemoptysis requiring treatment with emboliza-
tion and compared them to matched controls 
who did not have hemoptysis [ 12 ]. The emboli-
zation group had greater decrease in pulmonary 
function, a greater incidence of transplantation, 
and lower survival showing the detrimental 
effect on prognosis in patients with hemoptysis 
despite treatment. 

 The classifi cation of the severity of hemoptysis 
varies by authors. One classifi cation scheme divides 
hemoptysis into massive, moderate, and mild 
(Table  6.1 ) [ 1 ,  5 ,  6 ,  8 ,  11 ].   Another  classifi cation 
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uses the terms “major or signifi cant” and mild 
(Table  6.2 ) [ 2 ,  4 ,  13 ].    A weight-based defi nition 
uses hemorrhage of > 8 mL/kg in 24 h [ 1 ]. 

 Most authors agree that massive hemoptysis 
requires intervention due to the risk of death. 
However, consensus is not present on the treat-
ment of chronic or recurrent hemoptysis. Chronic 
or recurrent hemoptysis is debilitating, interferes 
with chest physiotherapy and aerosol treatment, 
and is related to an increased number of exacer-
bations and lung destruction. Chronic recurrent 
bleeding is more common in patients with severe 
lung disease (FEV1 < 50 %) [ 14 ,  15 ]. 

 Initial    therapy in patients with hemoptysis is 
medical. CF patients are typically admitted, chest 
physiotherapy is discontinued along with penicil-
lins and nonsteroidal anti-infl ammatory drugs, and 
patients receive vitamin K and antibiotics [ 1 ,  4 ,  8 , 
 9 ]. Blood transfusions may be given if  indicated. 
Holsclaw et al. described 19 patients with massive 
hemoptysis that received medical management 
[ 16 ]. There was 32 % mortality, and 50 % of the 
survivors had repetitive hemoptysis with total 
mortality over 6 months of 68.4 %. A somewhat 
later study by Stern showed 100 % survival with 
medical management in the setting of massive 
hemoptysis, with a 45 % rebleed rate [ 17 ]. 
Tranexamic acid is a fi brinolysis inhibitor that 
has been used for medical management [ 1 ,  4 ,  18 ]. 
The typical dose for massive hemoptysis is 

15–25 mg/kg IV every 6 h for four doses. For less 
severe hemoptysis, it can be given orally at a dose 
of 1 g three times a day for 5–6 days [ 1 ,  8 ]. 
Vasopressin and octreotide (a selective bronchial 
artery vasoconstrictor) have also been tried in the 
past [ 1 ,  8 ]. A recent report described the use of 
factor VII in treating refractory hemoptysis [ 13 ]. 

 Endoscopic treatments include cautery or 
laser, balloon occlusion of the bronchus, topical 
drugs such as epinephrine, and selective intuba-
tion [ 1 ,  3 ,  6 ]. Surgical options include lobectomy 
and extrapleural bronchial artery ligation [ 1 ,  3 , 
 11 ]. However, angiography and embolization 
have mostly replaced these options as a fi rst-line 
treatment of hemoptysis [ 2 ,  3 ,  11 ,  13 ]. 

 Arterial supply to the lung is primarily from 
the pulmonary arteries (99 %) with the bronchial 
arteries supplying the remainder of the fl ow (1 %) 
predominately to the mediastinum, airways, 
lymph nodes, and visceral pleura [ 5 ]. While the 
pulmonary arteries have a lower pressure, bron-
chial arteries have systemic blood pressure. 
These bronchial arteries are the cause of hemop-
tysis in 90 % of patients with CF and are the most 
common source of hemoptysis in patients with 
other infl ammatory conditions and tumors due to 
their hypertrophy and angiogenesis [ 2 ,  5 ]. 

 Bronchial artery anatomy is variable, but 
knowledge of these arteries and their possible 
communications is critical in treating patients 
with hemoptysis [ 1 ,  3 ]. A postmortem study    
showed 80 % of bronchial arteries arise from the 

   Table 6.1    One classifi cation scheme divides hemoptysis 
into massive, moderate, and mild   

 1. Massive  > 300 mL/24 h 
 2. Moderate  > 3 episodes of > 100 mL/day 

in one week 
 3. Mild  < 100 mL/day × 3 per week 

   Table 6.2    Another classifi cation uses the terms “major 
or signifi cant” and mild   

 1.  Major or 
signifi cant 

 > 240 mL/24 h 
 > 100 mL/day, recurrent 
 < 100 mL/day, but chronic or 
recurrent + 

 Interferes with lifestyle 
 Prevents effective 
physiotherapy 
 Prevents home management 

 2. Mild  Does not fi t above criteria 

   Table 6.3    A postmortem study showed 80 % of cases 
arise from the aorta at the 6th–7th thoracic vertebral level 
and had the following distribution [ 19 ]   

 41 %  One right  Two left 
 21 %  One common 
 21 %  Two right  Two left 
 10 %  One right  One left 

   Table 6.4    An angiographic study by Ufl acker showed 
the following distribution [ 20 ]   

 31 %  One right intercostal 
bronchial trunk (RICBT) 

 One left 

 25 %  One RICBT  One common trunk 
 13 %  One RICBT  Two left 
 11 %  One RICBT  One right, one left 
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aorta at the 6th–7th thoracic vertebral level (see 
Table  6.3  for distribution) [ 19 ]. Table  6.4  shows 
the distribution from an angiographic study by 
Ufl acker et al. [ 20 ] (Fig.  6.2 ).

    The origin of the RICBT is typically postero-
lateral, the right bronchial artery is lateral to ante-
rior, the common trunk arises anteriorly, and the 
left bronchial artery may be anterior, anterolat-
eral, or from the aortic arch. The RICBT supplies 
the right lung in 80 % of patients. It    occasionally 
supplies the left lung and the superior intercostal 
artery and provides supply to the spinal artery in 
5 % of patients (Fig.  6.1a–c ) [ 5 ]. In addition, the 

RICBT may have collaterals to the subclavian 
artery, the mid-esophagus, the pericardium, and 
the coronary arteries [ 20 ].

   In addition to these variations, there are aber-
rant origins of the bronchial arteries including the 
subclavian arteries and their branches (internal 
mammary artery (IMA), thyrocervical artery, 
costocervical artery, lateral thoracic artery), the 
superior intercostal artery, the inferior phrenic 
artery, the left gastric artery, and esophageal 
artery branches (Figs.  6.3a–e ) [ 5 ,  20 ]. There are 
often recruited transpleural collaterals from the 
subclavian artery and its branches as well that 
can be identifi ed by their supply to the pleura and 
subsequent fi lling of intrapulmonary branches 
(Fig.  6.4 ) [ 1 ,  2 ,  5 ].

     As stated above, the RICBT may provide sup-
ply to the anterior spinal artery, and other 
branches may supply the anterior spinal artery as 
well via anterior segmental medullary arteries. 
These are identifi ed by a classic hairpin turn and 
the largest of these is named the artery of 
Adamkiewicz which usually originates at the 
T9–12 level [ 1 ,  5 ,  6 ]. Identifi cation of these arter-
ies is crucial during the embolization procedure, 
as inadvertent embolization can cause spinal cord 
ischemia [ 6 ,  11 ]. 

 There are many connections between the 
bronchial arteries, aberrant bronchial arteries, 

  Fig. 6.1    These are three examples of the right intercostal bronchial trunk. In the last two images, anterior medullary 
radicular arteries are identifi ed feeding spinal artery branches (arrows)       

  Fig. 6.2    Common bronchial artery trunk       
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and the transpleural collaterals; therefore, any 
artery may potentially supply the spinal artery or 
connect with the subclavian artery and its 
branches (Fig.  6.5 ) [ 21 ]. One third of arteries 
responsible for hemoptysis are non-bronchial 
systemic collaterals [ 3 ,  7 ,  11 ].

   Bronchial artery embolization was fi rst 
described by Remy in 1974 [ 22 ]. The use of this 
technique for treating hemoptysis has been 
described in many studies [ 1 – 8 ,  11 ,  12 ,  17 ,  23 –
 26 ]. The goal of the procedure is to reduce the 
pressure to the site of hemorrhage allowing the 
artery to heal while avoiding tissue destruction 
[ 1 ]. A key goal is to allow a pathway for retreat-
ment if necessary as these patients typically have 
an ongoing disease process, and recurrent hemop-
tysis is common. 

 While there have been no controlled studies 
comparing embolic agents, reported materials 
include gelatin sponge, polyvinyl alcohol (PVA) 
particles, spherical embolics, coils, and  n -butyl 
cyanoacrylate (n-BCNA) [ 1 – 5 ,  7 ,  9 ,  11 ,  12 ,  23 , 
 27 ]. Gelatin sponge can be quite effective but is a 
temporary agent [ 1 ,  9 ]. PVA is a permanent agent, 
although the occlusion is not permanent [ 1 ,  2 ]. 
The size of the embolic material is more uniform 
than with gelatin sponge. Shunts to the pulmonary 
circulation as large as 325 μm have been described, 
and therefore, the particles used are usually 
greater than 350 μm in size [ 5 ,  27 ]. Spherical 
agents have been used, but they need to be sized 
larger than PVA as they compress and can more 
easily pass through shunts to the  pulmonary veins 
or arteries [ 1 ,  12 ]. N-BCNA has been described in 

  Fig. 6.3    Multiple aberrant origins of the bronchial arter-
ies including the right internal mammary artery ( a ), right 
thyrocervical artery ( b ), right lateral thoracic artery ( c ), 

left thyrocervical artery ( d ), left internal mammary artery 
( e ), and left phrenic artery ( f )       
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some studies and is permanent, but the delivery 
may be more diffi cult [ 1 ]. It may have a lower rate 
of rebleeding. Coils are  contraindicated for proxi-
mal occlusion but may be  useful for distal arteries 
in a patient with recurrent hemoptysis or in 

excluding a nontarget artery [ 1 ,  6 ,  7 ]. Prior reports 
using gelatin sponge powder and ethanol have had 
unacceptable incidences of bronchial necrosis and 
other complications [ 1 ,  6 ,  8 ].  

   Indications/Contraindications 

 Indications for treatment include those patients 
with massive or moderate hemoptysis when med-
ical management has failed. Embolization of 
chronic and recurrent hemoptysis may be indi-
cated when [ 7 ]:
    1.    They have had mild hemoptysis leading to 

massive hemoptysis before.   
   2.    They have hemoptysis within 2 weeks after com-

pleting recent optimal medical management.   
   3.    Hemoptysis continues despite a trial of opti-

mal medical management.   
   4.    Embolization is performed to stop hemoptysis 

as a bridge to transplantation.    
  As described above, there are multiple other 

causes of hemoptysis in addition to CF (Figs.  6.6  
and  6.7 ).

    Consultation with the patient, family, and 
referring physicians is imperative including 
potential risks such as hemorrhage, anaphylaxis, 
vascular injury, stroke, and spinal cord injury, 
and possible alternative therapies should be 
 discussed. Standard contraindications to angiog-
raphy are valid in this setting [ 28 ].  

   Pre-procedural Evaluation 

 Prior to performing bronchial arteriography for 
potential embolization, attempts to localize the 
site of bleeding have been performed. The patient 
may indicate where they feel a “gurgling” or 
other sensation. Plain    radiographs may show new 
areas of airspace disease representing hemor-
rhage (useful in 17–80 % of patients), and a CT 
scan may be more sensitive and can identify the 
bronchial arteries [ 1 ,  5 ,  6 ,  29 ,  30 ]. Bronchoscopy 
may identify the site or side of bleeding in 
10–91 % of patients; however, it may fail as 
blood may be present throughout the bronchi due 
to coughing [ 5 ]. The site cannot be identifi ed in 
20–30 % of patients [ 2 ]. 

  Fig. 6.4    This is a transpleural collateral from the left sub-
clavian artery. Noted is fi lling of the pulmonary veins       

  Fig. 6.5    Injection of the left thyrocervical artery demon-
strates collateralization with right and left bronchial arter-
ies and multiple mediastinal branches       
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 Routine hematology and coagulation tests 
should be performed, and the patient’s medical 
treatment should be optimized including the ces-
sation of penicillins or NSAIDs. Vitamin K 
should be administered [ 1 ,  2 ]. Where available, 
tranexamic acid may be given.  

   Procedure Technique 

 Sedation or anesthesia is paramount as these 
procedures may be lengthy [ 9 ]. General anes-
thesia with intubation allows for apnea during 

  Fig. 6.6    This patient had hemoptysis after resection of 
the superior segment of the left lower lobe. A CT scan 
shows stump dehiscence with a contained leak ( a ). 

Subsequent aortogram ( b ) shows an extensive vascular 
blush in the left paraspinal region with resolution after 
embolization ( c )       
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imaging and better images; however, there 
have been reports of death during induction of 
anesthesia for CF patients with hemoptysis [ 1 , 
 10 ,  14 ,  31 ]. Sedation can be used for coopera-
tive patients [ 32 ]. It is generally well tolerated, 
and the patient can be instructed when to 
breath-hold. However, intermittent coughing 
can be a problem that may occasionally lead to 
catheter dislodgement and poor images. In 
younger children, anesthesia is mandatory as 
they do not have the capacity to cooperate. We 
routinely use anesthesia for any patient less 
than 16 years old for this procedure and con-
sider it for the older patients. 

 A 4 or 5 Fr femoral sheath is placed with the 
initial puncture under ultrasound guidance. We 
typically use 4 Fr sheaths in patients less than 10 
years old as fl ush catheters of this size are suffi -
cient for aortography, while a 5 Fr fl ush catheter 
may be better for larger patients. 

 Some authors prefer to perform an aortogram 
as the initial study [ 1 ]. The argument for this 
approach is that the bronchial arteries may be 
identifi ed at the outset and therefore easier to 
access. However, this uses a large amount of con-
trast at the beginning of the study, and contrast 

limits (up to 5–7 mL/kg) may be reached prior to 
completion of the procedure [ 28 ]. In addition, the 
initial aortogram may not show collaterals which 
may be more apparent after embolization of the 
main bronchial arteries (Fig.  6.8 ). In our practice, 
we perform aortography at the end of the proce-
dure if there is enough contrast available in order 
to identify any previously missed bronchial 
 arteries or collaterals.

   Abnormalities predisposing to hemorrhage 
are described as bronchial artery size > 1.5–
2.5 mm in diameter, the presence of shunts to the 
pulmonary vein or artery (usually 0.5–1 mm in 
size), aneurysms, tortuosity, and extravasation 
(rare) [ 1 – 3 ,  5 ,  6 ]. 

 In our approach, we target the subclavian 
artery branches initially. The rationale behind 
this technique is to occlude any potential path-
ways that might lead to inadvertent embolization 
to the vertebral or carotid arteries via collaterals 
from the subclavian distribution. If the main 
bronchial arteries are treated initially, there may 
be reversal of fl ow toward the subclavian distri-
bution via these collaterals after the distal paren-
chymal bronchial arteries are occluded. Angled 
catheters such as a vertebral catheter are typically 

  Fig. 6.7    Three-year-old patient with recurrent hemopty-
sis after surgery for congenital heart disease. In ( a ), an 
injection of the right internal mammary artery shows 
innumerable collaterals to the lungs. PVA and coil embo-

lization excluded this artery ( b ), and with the emboliza-
tion of multiple other pulmonary artery collaterals, the 
hemoptysis ceased       
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used. Arteriography is performed in the main 
subclavian artery and then in any and all branches 
that appear to provide fl ow to the bronchial arter-
ies. If signifi cant fl ow is    present to the lungs (sub-
jective), and the artery can be safely accessed, a 
microcatheter is advanced to provide greater con-
trol and delivery of the embolic agents [ 2 ,  3 ,  5 ,  6 ]. 
Extreme care is taken to evaluate for spinal artery 
collaterals and nontarget vessels. If present, this 
is not necessarily a contraindication to emboliza-
tion. If the microcatheter can be advanced past 
the origin of the spinal or nontarget artery, embo-
lization can be safely performed if done with 
great care [ 3 ]. 

 Embolization is then performed with PVA 
particles, typically 300–500 μm in size mixed 
with a 50:50 contrast/saline solution. If sizable 
shunts to the pulmonary veins are seen, larger 
particles may be used up to 1,000 μm (Fig.  6.9 ). 
Embolization is performed under a negative 
“roadmap” technique to better visualize the fl ow, 
particularly any fl ow toward a spinal artery or a 

  Fig. 6.8    Massive hemoptysis in a CF patient. After per-
forming embolization of all previously identifi ed bron-
chial arteries and collaterals, a follow-up aortogram 

demonstrated an untreated bronchial artery ( a ). This was 
successfully cannulated and embolized ( b )       

  Fig. 6.9    Extensive shunting into the pulmonary vein is 
identifi ed during injection of the right bronchial artery 
necessitating a change to larger PVA particles, 500 μm 
and greater in size       
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nontarget vessel [ 1 ]. Embolization is performed 
to the point of fl ow cessation and when the intra-
parenchymal branches no longer opacify 
(Fig.  6.10a, b ). In our practice, all arteries that 
can be safely treated are embolized. Coils are sel-
dom indicated; however, they can be used to 
occlude and protect nontarget arteries. Coils are 
occasionally placed if the microcatheter is quite 
distal and the patient is having frequent (every 
6 month) recurrent hemoptysis in an attempt to 
better control these episodes (Fig.  6.11 ). Coils 
are never placed if they preclude reaccessing the 
supplying artery.

     Once the subclavian collaterals and aberrant 
bronchial arteries are treated, the catheter is 
placed into the thoracic aorta at a level just below 
the carina, and the RICBT    is accessed. This may 
require the use of a different angled or even a 
reverse curve catheter. Once accessed, careful 
arteriography is performed. Again, any spinal 
branches or nontarget arteries are evaluated. If 
safe, arteriography and embolization can then be 
performed through a microcatheter with the same 
technique as described above. 

  Fig. 6.10    Patient with CF and hemoptysis. The right bronchial artery is enlarged and tortuous ( a ). Note the misregis-
tration artifact as the patient holds his breath. There is cessation of fl ow after PVA embolization ( b )       

  Fig. 6.11    This CF patient had frequent recurrent hemop-
tysis. Coil embolization has been performed distally. The 
bronchial artery origin remains patent and accessible 
should further treatment be indicated       
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 Additional bronchial arteries are sought and 
treated as above when safe. We attempt to treat 
all possible bronchial arteries and collaterals as it 
cannot be reliably ascertained where the hemor-
rhage originated or where the patient may hemor-
rhage from next. 

 At the completion of the study, an aortogram 
is performed to identify any signifi cant arteries 
not found during the study. If present, they are 
accessed and embolized as above.  

   Postprocedure Care 

 After the procedure, hemoptysis usually tapers 
during the next 1–2 days, as the patient coughs 
up the residual blood. Narcotics may be needed 
due to the chest pain that may accompany the 
procedure [ 2 ,  5 ,  9 ,  12 ]. Chest physiotherapy 
can recommence in 2 days, with the patient 
usually being discharged 2 days after the 
procedure.  

   Expected Outcomes 
and Complications 

 As described previously, embolization is success-
ful in controlling hemoptysis in greater than 90 % 
of cases regardless of etiology [ 1 – 5 ,  7 ,  8 ,  11 – 14 ]. 
Recurrences are common and can be due to ini-
tial incomplete embolization, recanalization of 
the supplying arteries, disease progression, or 
development of new collaterals [ 2 – 5 ,  7 ,  11 – 13 , 
 33 ]. Up to 75 % of recurrent bleeding is from col-
laterals [ 5 ,  7 ]. In the CF population, the overall 
incidence of recurrence is up to 60 % until reso-
lution occurs secondary to transplantation or 
death [ 2 – 4 ,  7 ,  11 ,  12 ,  33 ]. Repeat angiography 
and embolization can be performed [ 2 ]. 

 In a study by Antonelli et al., patients with 
non-massive hemoptysis were either treated with 
embolization or with conservative medical ther-
apy [ 4 ]. The patients having embolization had 

signifi cantly fewer recurrent bleeds, had less of a 
decline in functional status, and reported a higher 
quality of life. Pulmonary function deterioration 
was not signifi cantly changed nor was the fre-
quency of pulmonary exacerbations. 

 Complications    can occur in 10–40 % of 
patients [ 1 – 5 ,  7 ,  8 ,  11 ,  12 ]. The most worrisome 
is death. However, this is quite rare and usually 
reported to be a complication of intubation and 
positive pressure ventilation [ 10 ,  14 ,  31 ]. Spinal 
cord ischemia occurs in less than 1 % of patients, 
presents as a transverse myelitis, and is usually 
self-limited [ 3 ,  5 ,  11 ]. Experimental studies have 
shown that this is unlikely when using particles 
100 μm or larger in size, as animals below this 
size had paralysis, but only weakness when using 
larger particles [ 34 ]. Most cases of postproce-
dural transverse myelitis were reported with the 
use of ionic contrast which may have been the 
critical factor [ 6 ,  27 ]. 

 Other    reported complications include chest 
pain (up to 40 % of cases), dysphagia, broncho- 
esophageal fi stula, pulmonary or bronchial 
infarction (with ethanol or gelatin sponge pow-
der), stroke and cortical blindness, phrenic nerve 
palsy, myocardial infarction (presumably due to 
coronary artery collaterals), ischemic colitis, 
arterial dissection (up to 6.3 % of cases), and 
peripheral ischemia [ 1 – 8 ,  11 ,  12 ,  22 ]. 

    Table 6.5    Causes of hemoptysis—“Battlecamp”   

 B  Bronchitis, bronchiectasis 
 A  Aspergillosis, alveolar hemorrhage 
 T  Tumor, trauma 
 T  Tuberculosis 
 L  Lung abscess 
 E  Emboli 
 C  Coagulopathy 
 A  Autoimmune, AVM 
 M  Mitral stenosis 
 P  Pneumonia 
 Others  Tracheostomy related, foreign bodies, 

aortopulmonary collaterals 
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  Chapter Summary 

   Background 
•   CF most common cause of hemoptysis 

(see Table  6.5 )
•      Medical therapy often successful:

 –    Stop chest physiotherapy and penicillin  
 –   Vitamin K, tranexamic acid  
 –   Vasopressin, octreotide  
 –   Antibiotics     

•   Endoscopic and surgical treatment possible  
•   Embolization—fi rst-line treatment  
•   Systemic supply usually:

 –    Bronchial—variable anatomy  
 –   Collaterals:

   ∘  Subclavian branches  
  ∘  Intercostal  
  ∘  Phrenic  
  ∘  Left gastric  
  ∘  Esophageal        

•   Shunts possible:
 –    Spinal cord, carotid/vertebral circulation  
 –   Up to 325 μm in size       

 Indications  
•  Medical management failed  
•   Massive/moderate hemoptysis  
•   Consider in chronic/recurrent when:

 –    Previous massive hemoptysis  
 –   Recurrent hemoptysis <2 weeks post-

treatment  
 –   Not responding to treatment  
 –   Bridge to transplantation   

     Preprocedure Evaluation 
•   Hematology and coagulation profi le  
•   Attempt to identify site:

 –    Clinical history  
 –   Imaging—CXR, CT  
 –   Bronchoscopy       

 Equipment  
•  Catheters, 4–5 Fr:

 –    Reverse curve (Sos, Simmons, etc.)  
 –   Angled (vertebral)  
 –   Microcatheters  
 –   Pigtail     

•   Embolic agent:
 –    PVA, gelatin sponge, spherical, glue  
 –   Coils not recommended unless very distal     

•   4–5 Fr vascular sheath    

 Technique  
•  Usually GA (especially younger patients)  
•   Femoral access  
•   Author’s suggested order of investigation:

 –    Bilateral subclavian arteries and branches 
(if indicated)  

 –   Right intercostal bronchial trunk (switch to 
reverse curve catheter if necessary)  

 –   Other bronchial arteries  
 –   Aortogram     

•   PVA common embolic material:
 –    300–500 μm size  
 –   Up to 1,000 μm used when large shunts seen     

•   Monitor for collaterals to spine and cerebral 
circulation (consider higher fl uoroscopy rate 
during embolization)    

 Postprocedure Care  
•  Supportive care  
•   Post-embolization syndrome can occur  
•   D/C home average 2 days post       

 Outcomes/Complications  
•  > 90 % successful  
•   Recurrent hemoptysis common  
•   Death—10–40 %

 –    Often complication of anesthesia:
   ∘  Consider potential for extracorporeal 

membrane oxygenation if high risk        
•   Nontarget embolization:

 –    Spinal ischemia:
   ∘  Can be self-limited  
  ∘  Avoid small particles!     

 –   Myocardial infarction  
 –   Stroke, cortical blindness  
 –   Phrenic nerve palsy  
 –   Ischemic colitis  
 –   Peripheral ischemia     

•   Pain  
•   Dysphagia  
•   Esophageal fi stula  
•   Pulmonary/bronchial infarction  
•   Arterial dissection         
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General/Background Information

Pulmonary angiography is an uncommon 
 procedure in children. While there are no con-
trolled studies in children comparing the efficacy 
of pulmonary angiography versus CT angiogra-
phy (CTA), data from the adult literature  
has been extrapolated and CTA has essentially 
replaced catheter arteriography for diagnosing 
pulmonary embolism (PE) [1, 2]. Most pulmo-
nary angiography at this time is performed for a 
planned intervention, particularly in the setting of 
an embolized foreign body (usually a catheter 
fragment), for attempted thrombolysis of a pul-
monary embolism, or for the treatment of pulmo-
nary arteriovenous malformations (PAVMs).

Catheter breakage with resultant emboliza-
tion of a fragment into the pulmonary arteries is 
uncommon but can occur in up to 4.1 % of chil-
dren with central lines [3, 4]. This can occur due 
to catheter pinch-off from a catheter placed from 
any approach, catheter damage by chemotherapy 
drugs, separation between the catheter and the 
port chamber, or breakage during attempted 
removal [3–8]. The catheter fragment can pre-
dispose the patient to thrombosis or, if a portion 
remains in the right heart, can lead to an arrhythmia. 

Coils, inferior vena cava (IVC) filters (or fragments 
from them), and other endovascular devices can 
also migrate into the pulmonary circulation [9]. 
Ventriculoperitoneal shunts and penetrating pro-
jectiles are rare causes of lung embolization  
[10, 11]. Angiographic techniques can be 
employed to remove these foreign bodies using 
snare devices (Fig. 7.1a, b) [9, 12, 13].

Pulmonary embolism (PE) is less common in 
children than adults with a reported incidence of 
0.14/100,000 children (probably an underestima-
tion) as compared to the incidence in adults of 
117/100,000 in whom the mortality is approxi-
mately 10 % [14–17]. Although 84 % of children 
with PE are symptomatic with shortness of breath 
or chest pain, only 15–17 % of children with a 
CTA for suspected PE have confirmation of that 
diagnosis [1, 2, 16]. Most children have an under-
lying risk factor such as immobility, a central 
venous catheter, recent surgery, trauma, congeni-
tal heart disease, underlying coagulopathy, 
malignancy, obesity, or oral contraceptive use 
(Fig. 7.2a–d) [16].

Massive PE is defined by the presence of 
shock with systolic systemic blood pressure less 
than or equal to 90 mmHg or a drop in systemic 
blood pressure of >40 mmHg, which occurs in 
4.2 % of all adults with PE, and these patients 
have an increased mortality which may be over 
50 % [17–21]. Sub-massive PE is diagnosed in 
normotensive patients with right ventricular dys-
function and has a mortality of approximately 
8 % [18, 21, 22]. No similar data are available for 
children.
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Multiple different treatment techniques have 
been used including systemic thrombolysis, 
catheter- directed thrombolysis, and the use of 
mechanical devices such as a rotating pigtail 
catheter, aspiration thrombectomy, thrombus 
maceration, rheolytic thrombectomy, and stent 
placement (Fig. 7.3a, b) [17, 21, 23–26]. There is 
no single accepted best treatment [21]. Systemic 
thrombolysis has a clinical success rate of 77 %; 
however, hemorrhage as a major complication is 
reported to occur in 20 % of patients [21]. The 
distal pulmonary bed has twice the volume of  
the proximal pulmonary arteries [27]. Therefore, 
theoretically, mechanical breakage of the clot 
will allow for a greater pulmonary bed to con-
tinue air exchange and provide a greater contact 
area available for pharmacological thrombolysis 
[21, 24].

PAVMs are abnormal fistulous connections 
between the pulmonary arteries and veins [22, 
27–32]. Potential symptoms include hypoxia due 
to the right to left shunt, neurological symptoms 
and other ischemic events from paradoxical 
embolization, and hemoptysis [22, 27, 29, 30]. 
Hemoptysis can occur in 10–14 % of cases, and 
rupture is more common in pregnancy [33]. They 
are most commonly found in a patient with 
hereditary hemorrhagic telangiectasia (HHT), 
with 70–95 % of PAVMs occurring in this popu-
lation. PAVMs occur in 25–30 % of patients with 
HHT [33]. The remaining 10 % are acquired 

lesions from  systemic diseases such as hepato-
pulmonary syndrome [22, 29, 31]. Most do not 
become symptomatic until adulthood, although 
4.5 % of cases will present in a child [29]. 
Hypoxia occurs in >70 % and paradoxical embo-
lization in >50 % of untreated patients [29, 31]. 
Hypoxia is usually fairly well tolerated [29, 31]. 
Transthoracic echocardiography with agitated 
saline can be used as a screening tool to evaluate 
for a right to left shunt [34].

Embolization has been performed using coils 
(standard and detachable), detachable balloons, 
and the Amplatzer Vascular Plug [22, 29–32]. 
PAVMs are categorized as simple, complex, or 
diffuse depending on the distribution of feeding 
arteries [30, 31]. Simple lesions (85 %) have all 
feeding arteries arising from a single pulmonary 
segment, while complex lesions (5–10 %) arise 
from more than one segment [31]. Diffuse lesions 
(5 %) involve multiple segment or lobes with 
numerous lesions [31] (Fig. 7.4a–c).

Indications/Contraindications

Standard contraindications for angiography 
include contrast allergies, renal insufficiency, 
and coagulopathies [35]. For pulmonary angiog-
raphy, left heart block is a contraindication. 
Complete heart block can occur if an arrhythmia 
is induced during right heart catheterization.

Fig. 7.1 (a) PICC line fragment has embolized to the pulmonary artery. Subsequently from a right brachial vein 
approach, a snare is advanced and used to grasp the catheter fragment for removal (b)
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Fig. 7.2 This teenager had sudden onset of chest pain. A 
CT scan (a) shows multiple pulmonary emboli throughout 
the pulmonary arteries. Due to the patient being in shock, 
catheter-directed thrombolysis was performed. (b) 
Demonstrates a near complete occlusive thrombus in the 

right pulmonary artery. (c) The interval result after 
mechanical fragmentation of the thrombus shows 
improved flow to the right lung. Intra-arterial rt-PA was 
continued for 12 h. The patient improved and follow-up 
CT shows resolution of the pulmonary embolus (d)

Any foreign body in the pulmonary arteries 
should be removed if possible due to the risk of 
thrombosis and/or arrhythmia.

In adults, thrombolytic therapy is indicated in 
patients with massive PE due to the associated 

high mortality [17–21, 26]. Even though the inci-
dence of death from PE is very low in children, 
recommendations for treatment are extrapolated 
from the experience in adults [15, 20]. The role in 
patients with only right ventricular dysfunction 
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is less clear [18, 22]. There are no studies prov-
ing the efficacy of systemic versus directed 
thrombolysis; however, the complications from 
systemic thrombolysis include a 20 % risk of 
major hemorrhage and a 3–5 % risk of stroke [14, 
19, 21, 24, 26, 36]. Systemic pharmacological 

thrombolytics are a relative contraindication in 
patients with recent surgery, brain tumors, or 
stroke. However, the benefits and risks need to be 
assessed, and lower-dose catheter-directed phar-
macological or mechanical thrombolysis may be 
a better option.

Fig. 7.3 This infant had left pulmonary thrombosis 
after a Glenn procedure for congenital heart disease. 
The clot persisted despite several days of rt-PA (a). 

Ultimately, a stent was placed across the area of throm-
bus restoring flow to the pulmonary artery (b) (Courtesy 
Ralf Holzer, MD)

Fig. 7.2 (continued)
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In adults, the use of systemic tissue plasmino-
gen activator (rt-PA) (100 mg over 2 h) has shown 
to reduce pulmonary artery resistance and pres-
sure, with improvement in mortality [14, 24]. 
Other protocols have given 50 mg over 2 h and 
then 40 mg over 4 h, or 100 mg over 7 h [24]. In 
children, a mean dose of 0.1–0.5 mg/kg/h of 
rt-PA has been used, although significant bleed-
ing can occur in 50 % of patients [16, 37, 38].

No definite benefits have been shown using 
catheter-directed thrombolysis versus systemic 
therapy [14, 24]. Mechanical thrombolysis/
thrombectomy has also been reported [14, 22, 
24]. They are typically used in conjunction with 
fibrinolytics; however, they can be used alone if 
the patient has a known contraindication to phar-
macological thrombolytics. These devices may 
provide a more rapid restoration of pulmonary 
flow as the clot is broken up and a greater surface 
area is available for contact with the fibrinolytic. 
Multiple devices have been described for this 
indication [22].

In a case study in a child, the patient had 
 bilateral PE. The patient received a bolus of 
0.05 mg/kg followed by an infusion of 0.05 mg/
kg/h of rt-PA. The bolus and infusion were split 
into the right and left pulmonary arteries with 
good reperfusion of the lungs [37]. Benefits of 
catheter- based thrombolysis include lower dose 
and delivery directly into the clot [37].

For PAVMs, it is recommended that shunts 
that are greater than 3 mm in size be prophylacti-
cally embolized due to the risk of paradoxical 

embolization [22, 29, 31]. This can be  determined 
by CTA. An additional indication for treatment is 
hemorrhage.

Pre-procedural Evaluation

Before performing right heart and subsequent 
pulmonary artery catheterization, an EKG should 
be performed to evaluate for arrhythmias. If the 
patient has a left heart block, catheter-induced 
right heart block may convert the patient’s 
rhythm into complete heart block. In the pres-
ence of left heart block, cardiology should be 
consulted.

Retained foreign bodies in the pulmonary 
 circulation are usually identified on plain radio-
graphs. A CT scan may help confirm the diagno-
sis and localize the foreign body but is not usually 
indicated.

For suspected PE, CTA is now the test of 
choice in children, although the ventilation- 
perfusion nuclear medicine study is still utilized 
by some [1, 2, 39, 40].

If the patient is determined to have PE and be 
in shock (massive PE), thrombolysis is indicated. 
Proper patient care and monitoring are the first 
step, with the ICU the most appropriate place for 
the patient. Coagulation lab results should be 
obtained, and heparin should be started intrave-
nously. The decision must then be made to per-
form systemic or catheter-directed thrombolysis, 
as they have their own benefits and risks.

Fig. 7.4 This 6-year-old female had fatigue, exercise intoler-
ance, and oxygen saturations in the 70 %’s. A CT (a) shows 
multiple ill-defined nodules in both lungs. The patient had a 

positive agitated saline echocardiogram confirming a right to left 
shunt. Arteriography (b) shows a diffuse type of pulmonary 
AVM. Several of the PAVMs were embolized with coils (c)
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In patients with suspected PAVM, workup con-
sists of CTA [22]. This can confirm the diagnosis 
of a PAVM and can potentially identify the feed-
ing arteries requiring treatment [22, 27, 41]. The 
patient and family should also have referral to an 
HHT center for further workup of that disease.

Equipment

An angiographic C-arm capable of imaging 
at 5 frames/s or more is recommended as is digi-
tal subtraction. Appropriate monitoring, seda-
tion, and anesthesia equipment are mandatory 
[35]. Ultrasound is recommended for vascular 
access [35].

In children, placement of a sheath is recom-
mended [35]. The size of the sheath is determined 
by the intended procedure. Diagnostic studies 
can be performed through a 4 Fr sheath and cath-
eter, while larger sheaths and catheters will be 
required to place embolics or for thrombolysis.

Catheter, wire, and other device choices are 
dependent on the indications, planned procedure, 
and the interventionist. Pulmonary artery access 
can be performed via a variety of pigtail (angled 
or non-angled), directional, or flush catheters. 
There are multiple available snares for foreign 
body removal. They include simple loop snares 
and more complex and larger snares. Snare sizes 
range from 1 cm or less up to 3.5 cm. For mechan-
ical thrombolysis of pulmonary emboli, the most 
commonly used catheter is a pigtail catheter. 
Additional catheters include rotating pigtail cath-
eters and a variety of mechanical thrombectomy 
devices [14, 22, 24]. Appropriate sheaths, cathe-
ters, and embolic agents need to be available for 
treatment of PAVMs. A large sheath (8 Fr) may 
be required for placement of appropriate mechan-
ical occluding devices [42].

Procedure Technique

Sedation or anesthesia is important for safety and 
procedural success in pediatric patients [43]. 
Sedation can be used for cooperative patients and 
is generally well tolerated, and the patient can be 

instructed when to breath-hold [44]. In younger 
children, anesthesia is mandatory as they do not 
have the capacity to cooperate [35].

Access can be accomplished via the femoral, 
jugular, or brachial veins. Ultrasound facilitates 
the needle puncture and can evaluate for an 
underlying clot. A grossly swollen leg should be 
avoided due to the risk of an underlying thrombosis. 
Once access is obtained, contrast is injected and 
venogram performed to exclude downstream 
thrombus. A wire can then be advanced and  
a sheath placed. The catheter is advanced over a 
wire into the right atrium and subsequently 
manipulated through the tricuspid valve, the right 
ventricle, and into the pulmonary artery. An 
assistant needs to monitor the EKG for arrhyth-
mias during right heart catheterization. Injection 
rates range from approximately 5 mL/s for a 
10 kg child to 20 mL/s for a teenager of adult 
size. Injection is over 1.5–2 s and filming should 
be at 5 frames/s or faster [35].

For foreign body removal, the introducer 
sheath must be larger than the foreign body. For a 
catheter fragment, the sheath needs to be at least 
2 Fr sizes larger than the fragment. A selective 
catheter is placed into the pulmonary artery and 
oriented towards the foreign body. Alternatively, 
a long sheath or guiding catheter can be advanced 
over the wire into the pulmonary artery and a 
selective catheter introduced through this guide. 
A snare is then advanced through the selective 
catheter and a free edge of the foreign body is 
grasped. If this proves difficult, a pigtail catheter 
may be reformed around the fragment to manipu-
late it into another position, potentially freeing up 
one of the fragment ends for snare removal. The 
foreign body is then removed with fluoroscopic 
guidance to ensure that the entire fragment is 
removed. For larger devices, a surgical cutdown 
may be necessary to remove the foreign body 
from the circulation.

In the setting of PE, usual techniques are used 
to access the pulmonary artery. After measuring 
pulmonary pressures, if local thrombolytic ther-
apy is indicated, the catheter and sheath of the 
appropriate size is advanced into the pulmonary 
artery. Thrombolysis can be accomplished 
through pharmacological means, mechanical 
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devices, or a combination of these methods [22]. 
When using mechanical thrombolysis, anesthesia 
should be warned of the possibility of arrhyth-
mias including asystole. For pharmacological 
fibrinolysis, the catheter needs to be in the clot 
itself, as a vortex in the pulmonary artery directs 
the fibrinolytic away from the clot if infusion is 
not intra-thrombus [14, 21, 24].

In adults, a described catheter-directed dose of 
rt-PA is a 10 mg bolus followed by 20 mg/h over 
2 h, attempted clot maceration, and then another 
80 mg over 2 h [24]. In children, described catheter- 
directed doses are 0.03–0.06 mg/kg/h [38].

Repeat angiography should be performed 
often to assess the degree of thrombolysis. If all 
of these techniques fail, placement of a stent may 
recanalize the occluded artery [14, 24].

For a PAVM, a pulmonary angiogram is per-
formed to delineate the architecture of the AVM 
and identify the feeding artery or arteries [42]. 
The goal is to occlude the feeding arteries as 
close to the aneurysm sac as possible, sparing 
normal lung. The guiding sheath gives a stable 
platform to deploy the embolic material. The 
coils, balloons, or Amplatzer can then be 
deployed using the sheath for control angiogra-
phy during the procedure (Fig. 7.4a–c). When 
using coils, the first portion can be deployed in a 
normal nearby branch to act as an anchor and 
secure placement (Fig. 7.5a, b) [42].

Postprocedure Care

Standard post-angiographic care should be followed 
including keeping the patient supine for 4–6 h after 
the procedure [35]. The patient should be trans-
ferred to the appropriate setting. For a foreign body 
removal, the patient is usually discharged that day. 
Patients with PE need to remain in the ICU until 
they are medically well enough to be sent to the 
general pediatric unit.

Patients with PAVM will need follow-up care 
and repeat imaging to exclude fistula growth or 
reperfusion. CTA is recommended at 6 and 12 
months with thin sections no larger than 5 mm [31].

Expected Outcomes  
and Complications

Pulmonary angiography is well tolerated in 
adults with a minor complication rate of 4.8 % 
and major complications occurring in 0.9 % of 
cases [45]. Contrast nephropathy was the primary 
complication. Major complications were associ-
ated with pulmonary hypertension.

A meta-analysis of multiple catheter-directed 
studies for adult PE showed a clinical success 
rate of 86.5 % [21]. Potential complications of 
PE interventions include hemorrhage, arrhyth-
mia, hemoglobinuria, renal insufficiency, hemop-

Fig. 7.5 A child with a large simple type PAVM. Arteriography demonstrates the angioarchitecture (a). After the place-
ment of several Amplatzer devices, the PAVM is excluded (b) (Courtesy John Cheatham, MD)
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tysis, and death with an overall incidence of 
7.9 % for minor and 2.4 % for major complica-
tions [21, 25]. Another study demonstrated no 
major hemorrhagic complications, but minor 
bleeds occurred in 25–37 % of cases [37]. 
Rheolytic catheters seemed to have the highest 
complication rate [21]. One study in children 
showed that 5/8 patients had some improvement 
in the PE with systemic thrombolysis; however, 
50 % had a major hemorrhage [16].

Technical success rate with embolization of 
PAVMs is 88–98 % [22, 29–34]. Reperfusion  
of PAVMs after treatment can occur in as many as 
10 % of cases [22, 31]. Failures or recurrences are 
thought to be due to recanalization, angiogenesis, 
and growth of small prior feeding arteries or 
recruitment of new arteries (which may be 
from systemic arteries) or collaterals [22, 31]. 
Follow-up is typically with CT, and success is 
 identified by involution of the aneurysm sac [31]. 
Complications are rare at 2 % of cases and include 
angina and transient ischemic attacks [22, 29–34]. 
Chest pain can occur in up to 12 % of cases [31].

Chapter Summary

Background
• Pulmonary angiography

 – Diagnostic (but CTA often first line for 
diagnosis)

 – Foreign body retrieval
 – PE treatment
 – PAVM treatment

Indications
(a) Massive PE treatment (in adults)

• TPA options
 – Adults

100 mg/2 h OR
50 mg/2 h then 40 mg/4 h OR
100 mg/7 h

 – Children
0.1–0.5 mg/kg/h (significant bleeding  
in 50 %)

 (b) PAVM >3 mm in size

Contraindications
• Contrast allergy
• Renal insufficiency
• Coagulopathy
• Left heart block

Preprocedure Evaluation
• EKG (r/o arrhythmia)
• CXR (foreign bodies)
• CT/CTA (PE, PAVM)
• Coagulation, hematology bloodwork
• Heparin (especially PE)

Equipment
• Vascular sheath

 – 4–9 Fr (depending on need)
 – Short or long

• Catheters
 – Pigtail (angled, non-angled)
 – Directional

• Snares
 – Loop, gooseneck, complex shaped
 – 5 mm to 3.5 cm

• Specialized devices
 – Thrombectomy device, infusion catheter
 – Occlusion devices—coils, balloons, vascular 

occlusion plug

Technique
• Sedation or GA

 – Breath holds required
• Access—femoral, jugular, brachial

 – Venogram immediately after access if 
thrombosis present to r/o unexpected 
extension

 – Sheath/catheters choice based on indication
 – Close monitoring of EKG when in heart

• DSA
 – 5 mL/s 10 kg child; 20 mL/s adult
 – 5+ frames/s

• Use “underwater technique” for PAVM work

Postprocedure Care
• Supine × 4–6 h
• Appropriate monitoring—ICU versus ward
• CTA at 6 and 12 months for PAVM patients
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Outcomes/Complications
• Information limited in children
• Pulmonary angiography (adults)

 – Minor complications—4.8 %
 – Major complications—0.9 %; associated 

with pulmonary hypertension
• PE treatment

 – Hemorrhage, arrhythmia, hemoglobinuria, 
renal insufficiency, hemoptysis, death (adults)

 – Rheolytic catheters; high complication rates
 – 50 % major hemorrhage reported in 

 children [16]
• PAVM treatment

 – 88–98 % successful
 – Recanalization, angiogenesis, and arterial 

growth/recruitment can cause recurrence
 – Angina, transient ischemic attacks/stroke, 

and chest pain reported
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          Introduction 

 In children, arterial interventions involving the 
gastrointestinal (GI) tract and liver are performed 
primarily for diagnosis and therapy for GI bleed-
ing, liver trauma, and complications of liver 
transplantation. GI bleeding in infants and chil-
dren is a fairly common problem in the practice 
of general pediatrics and accounts for about 
10–15 % of referrals to pediatric gastroenterolo-
gists [ 1 ]. Intervention for liver trauma and 
complications of liver transplant are limited to 
Level I trauma centers and transplant centers, 
 respectively. Therefore, this chapter will focus on 
GI bleeding.  

   Gastrointestinal Bleeding 

 The upper GI tract extends from the esophagus to 
the ligament of Treitz, while the lower GI tract 
includes the small bowel, colon, and rectum. 
The distinction is important because some char-
acteristics are relatively unique to each location, 
and these may affect the therapeutic strategy. 
Common causes of upper GI bleeding in children 

include gastritis/esophagitis, Mallory-Weiss tear, 
trauma secondary to gastrostomy tubes, and 
eosinophilic gastroenteropathy. Common causes of 
lower GI bleeding include infectious diarrhea, 
eosinophilic gastroenteropathy, anal fi ssure, nod-
ular lymphoid hyperplasia, infl ammatory bowel 
disease, and Henoch-Schonlein purpura [ 1 ]. Less 
common causes of GI bleeding include Meckel’s 
diverticulum, typhlitis (especially in neutropenic 
patients), angiodysplasia, and esophageal varices 
secondary to portal hypertension. Iatrogenic 
causes include posttraumatic hemobilia following 
percutaneous liver biopsy. 

 In most children, GI bleeding ceases on its 
own early in the child’s hospital course, and if 
bleeding persists, the majority respond to con-
servative medical management including fl uid 
resuscitation, correction of coagulopathy, and 
administration of blood products. When more 
invasive investigation is needed, endoscopy is the 
procedure of choice for both upper and lower GI 
hemorrhage. Unfortunately, particularly in lower 
GI bleeding, precise endoscopic detection and 
treatment may be diffi cult if rapid bleeding is 
present. In general, arteriography and transcath-
eter intervention are reserved for those patients 
with massive acute GI bleeding requiring fre-
quent blood transfusions to maintain an adequate 
hemoglobin/hematocrit level. 

 Although arteriographic diagnosis and therapy 
have been reviewed extensively in the adult 
literature, little experience has been reported in 
children. In one published pediatric study that 
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evaluated 27 children who underwent arteriography 
for GI bleeding, arteriography had an overall 
positive diagnostic rate of 64 %. In acute GI 
bleeding, arteriography provided a correct diag-
nosis in 71 % of patients, while in chronic or 
recurrent GI bleeding, arteriography was correct 
in 55 % of patients [ 2 ]. These success rates are 
comparable to several adult series [ 3 – 5 ].  

   Indications and Contraindications 
for Arterial Intervention 

 Indications for arteriography include bleeding that 
is not responsive to conservative medical manage-
ment and requires continued blood replacement 
(>500 mL in 8 h for adults), and endoscopy failed, 
inconclusive, or unavailable. Although persistent 
melena, hematemesis, or hematochezia may indi-
cate active hemorrhage, hemodynamic instability 
despite aggressive resuscitation is the best indica-
tor of active bleeding that may be angiographi-
cally detectable [ 6 ]. Even in life-threatening 
bleeding, diagnosis of the precise anatomic source 
can be diffi cult due to the intermittent nature of GI 
bleeding. In general, more severe bleeding is best 
evaluated by angiography and less severe bleeding 
is best evaluated by endoscopy. The strength of 
endoscopy is in its ability to provide diagnostic 
information in the absence of active bleeding, but 
it may be severely limited in bowel that is poorly 
prepped or fi lled with a large amount of blood dur-
ing severe acute bleeding. On very rare occasions, 
bleeding may be too brisk for the time required for 
transcatheter intervention and immediate surgical 
exploration may be preferable. 

 Relative contraindications are rare but include 
patients with a history of severe allergic reaction 
(anaphylaxis) to iodinated contrast and patients 
with considerable residual retained barium within 
their bowel from recent contrast barium enema or 
upper GI examination.  

   Preprocedure Evaluation 

 Imaging studies may be useful if a bleeding 
source cannot be identifi ed by endoscopy or if 
transcatheter intervention is being considered. 

Because GI hemorrhage is typically intermittent, 
detection by angiography is only possible during 
active bleeding at the time of examination; in 
adults, bleeding rates of 0.5–1.0 mL/min are 
necessary to visualize contrast extravasation 
angiographically [ 7 ]. Radionuclide technetium-
99m (Tc-99m)-tagged red blood cell (RBC) 
scans are more sensitive and can detect active GI 
bleeding at rates as low as 0.1 mL/min [ 8 ]. 
However, due to the intermittent nature of GI 
bleeding, it can be diffi cult in practice to deter-
mine whether or not bleeding rates have reached 
these thresholds. 

 Previous studies, primarily in adults, have 
reported positive detection rates of 22–96 % for 
Tc-99m RBC scans [ 9 ]. In a recent pediatric 
series of 22 patients undergoing Tc-99m RBC 
scintigraphy for acute massive GI bleeding, the 
diagnostic sensitivity was 39 % [ 9 ]. In the 
absence of massive ongoing hemorrhage and 
hemodynamic instability, a Tc-99m RBC scan 
may be performed fi rst to confi rm active bleeding 
and help localize the source of bleeding prior to 
angiography. In an adult study, a positive nuclear 
bleeding scan prior to angiography increased 
the likelihood of a positive angiogram from 22 
to 53 % [ 6 – 10 ]. Others argue that because of the 
time it takes to obtain the tagged RBC scan, the 
patient may stop bleeding prior to arriving in 
the angiography suite. A potentially useful algo-
rithm is to take hemodynamically unstable 
patients directly to angiography and to obtain 
initial nuclear medicine imaging in hemodynam-
ically stable patients. Although the sensitivity 
and specifi city of multidetector row helical CT in 
localizing the source of acute massive GI bleed-
ing have been reported to be as high as 90 % in 
adults [ 11 ], the role of CT in the overall work-up 
of GI bleeding has yet to be clearly defi ned. 

 Before beginning angiographic intervention, 
the patient should be stabilized as much as pos-
sible and supportive therapy, including correction 
of coagulopathy and blood transfusion, initiated. 
Additional blood products should be immedi-
ately available in the angiography suite if needed 
during the procedure. Standard pre-angiographic 
work-up and patient monitoring should be per-
formed and informed consent obtained. If endos-
copy has been performed, the fi ndings should be 
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discussed with the gastroenterologist. The treatment 
plan should also be discussed with the referring 
physician and surgeon.  

   Equipment 

 Depending on patient size, a 4 F or 5 F arterial 
sheath should be placed in the common femoral 
artery. Catheter confi gurations that have an 
angled hook, such as the Cobra, Sos Omni, and 
Simmons, are useful in selecting the celiac and 
superior mesenteric artery (SMA) origins, while 
selective catheterization of a cephalad coursing 
vessel, such as the left gastric artery, may require 
the formation of a Waltman loop. For accessing 
the inferior mesenteric artery (IMA), catheters 
such as the Simmons, Sos Omni, or RIM are use-
ful. If coaxial microcatheter techniques are antic-
ipated, it is important to size the microcatheter 
appropriately to fi t through the selective catheter. 
Injection and image acquisition parameters 
should allow not only for visualization of the 
arterial phase but also for the parenchymal and 
venous phases. Proper collimation and practice 
of ALARA principles should be followed, but the 
fi eld of view must include the entire vascular 
territory of the artery that is being investigated.  

   Procedure Technique 

   Diagnostic Arteriography 

 Selective catheter angiography has been shown 
to be able to detect GI bleeding when the bleed-
ing rate is as low as 0.5 mL/min [ 12 ]. However, 
the intermittent nature of bleeding in many 
patients can result in a false-negative angio-
graphic study. Provocative angiography, includ-
ing the use of anticoagulants, vasodilators, and 
fi brinolytic agents to prolong, augment, or reacti-
vate the bleeding, has been shown to complement 
conventional angiography and increase the diag-
nostic effi cacy in the detection of lower GI bleed-
ing in adults [ 13 ,  14 ]. However, these provocative 
measures are not routinely used in adults, and their 
use in pediatric patients has not been described. 
Prior to angiography, brief fl uoroscopy of the 

abdomen may be performed to evaluate the 
amount of bowel peristalsis, which may lead to 
motion artifact on digital subtraction angiography 
(DSA). If peristalsis is substantial, intravenous 
glucagon may be given to inhibit peristalsis. 

 Although aortography provides a general over-
view of the visceral anatomy, selective angiogra-
phy is almost always necessary to identify the 
source of bleeding. If contrast or volume overload 
is a concern, aortography can be bypassed, and 
selective catheterization can be performed directly, 
beginning with the artery supplying the most likely 
site of bleeding as determined by the available 
clinical, endoscopic, and imaging data. For sus-
pected upper GI hemorrhage, the celiac artery 
should initially be evaluated. The SMA must also 
be evaluated, since it too may contribute to a site 
of upper GI hemorrhage through the pancreatico-
duodenal arcade. 

 Similar to the upper GI tract, a series of inter-
connected arcades provide collateralized supply 
throughout the lower GI tract. Therefore, for sus-
pected lower GI hemorrhage, both the SMA and 
the IMA must be selectively catheterized. The pri-
mary territories within the distribution of the SMA 
are the small bowel and the ascending and trans-
verse colon. The IMA supplies the splenic fl exure, 
the descending and sigmoid colon, and the rectum 
and anus. There is additional arterial supply to the 
rectosigmoid and anus that arises from the internal 
iliac arteries. Congenital variant vascular anatomy 
must also be considered. For example, the entire 
middle colic artery may originate from the dorsal 
pancreatic artery in up to 2 % of patients, and an 
anomalous ileocolic artery or middle mesenteric 
artery may rarely arise directly from the abdomi-
nal aorta [ 6 ]. Although angiographic evaluation 
should begin with the most likely bleeding source 
vessel, because of the rich collateral vascular sup-
ply of the entire GI tract, selective catheterization 
and angiography of the celiac, SMA, and IMA 
should be included in all GI bleeding evaluations. 

 The classic angiographic fi nding that con-
fi rms active GI bleeding is extravasation of con-
trast material. Other entities that can mimic 
extravasation include hypervascular bowel 
mucosa, adrenal gland vascular blush, and DSA 
misregistration artifact from bowel peristalsis or 
respiratory motion. Other angiographic fi ndings 
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of GI bleeding besides intraluminal contrast 
extravasation may be seen in certain pathologic 
conditions and are suggestive of the cause and/or 
source of the GI bleeding. For example, in ulcer 
disease small, persistent contrast collections may 
be seen within the ulcer crater. Occasionally, 
contrast may pool within gastric folds or haustra 
mimicking the appearance of a vein. This may be 
differentiated from a true venous structure by the 
unusual location and appearance as well as by 
the persistence beyond the venous phase of the 
contrast injection. Rarely, arterial pseudoaneu-
rysm formation is another angiographic abnor-
mality that may be a manifestation of GI 
hemorrhage and may serve to localize the site of 
bleeding. This occurs most frequently in patients 
(usually adults) with chronic pancreatitis. 

 Arteriography of a Meckel’s diverticulum 
may show clusters of small tortuous irregular 
arteries representing persistent vitelline arteries 
that originate from the distal SMA [ 15 ], a dense 
capillary stain caused by ectopic gastric mucosa 
[ 16 ], and/or a mesodiverticular band artery (an 
abnormal ileal artery passing to the antimesen-
teric border of the ileum) [ 17 ]. The combination 
of these angiographic fi ndings should suggest the 
diagnosis and direct surgical intervention. 

 Typhlitis can be identifi ed by arteriographic 
signs such as hypervascularity of the cecum with 
intense blush, contrast-fi lled superfi cial ulcers, 
and dilated ileal arteries and veins [ 18 ]. 
Neutropenic patients also have a high incidence 
of enteritis (including cytomegalovirus infection, 
pseudomembranous colitis, graft-versus-host dis-
ease, and chemotherapy-induced mucositis), 
which can involve necrosis and ulceration of the 
epithelium leading to vascular injury in the lam-
ina propria and resulting in GI bleeding [ 19 ]. 
This is often complicated by thrombocytopenia 
or dysfunctional platelets. Angiography in these 
patients typically shows diffuse hypervascular 
blush of the affected colon. A point source of 
hemorrhage is not always identifi ed. 

 Unlike adults, in whom angiodysplasia of the 
colon represents 40 % of lower GI bleeding [ 20 ], 
the incidence in children is unknown but certainly 
less frequent than in adults [ 21 ]. Angiographic 
criteria of angiodysplasia include abnormal vas-
cular tufts in the intestinal wall, early-fi lling veins 

(4–5 s after injection), and dense, persistent, 
slowly emptying veins in the late phase of the 
injection [ 22 ]. Although angiography is the most 
valuable method for diagnosing angiodysplasia, 
occasionally, no angiographic abnormality is 
detected, especially when the lesions are very 
small and the blood fl ow is sluggish [ 2 ]. In con-
trast to the adult population in whom angiodys-
plasia tends to occur in the right colon and cecum, 
occurrence in the small bowel and left hemicolon 
is more common in children [ 2 ,  21 ].  

   Intervention 

 One of the main advantages of angiographic 
diagnosis of GI bleeding is the ability to perform 
transcatheter treatment after localization of the 
bleeding site. The two main transcatheter thera-
pies are intra-arterial vasopressin infusion and 
embolization. In addition, initial clinical experi-
ence with the creation of a transjugular intrahe-
patic portosystemic shunt (TIPS) in children 
suggests that this process is technically feasible 
and as safe in children as in adults [ 23 ]. Although 
a full discussion of TIPS in children is beyond 
the scope of this review, TIPS can aid in manage-
ment of complications of portal hypertension in 
children (including variceal hemorrhage), espe-
cially in those patients needing temporary relief 
as a bridge to liver transplantation [ 23 ]. As a gen-
eral rule, no matter what strategy is used to treat 
GI bleeding, correction of any underlying coagu-
lopathy is important. In adults, embolization has 
been shown to be 2.9 times more likely to fail in 
patients with coagulopathy [ 24 ]. 

   Vasopressin 
 Vasopressin, a naturally occurring hormone pro-
duced by the neurohypophysis of the pituitary 
gland, causes constriction of very small arteries, 
arterioles, and capillaries. Since the initial report 
of selective intra-arterial infusion of a pharma-
ceutical preparation of vasopressin to control 
acute lower GI hemorrhage [ 7 ], transcatheter 
therapy has gained wider acceptance as a  fi rst- line 
means of management. This is in part because of 
a signifi cant perioperative mortality rate reported 
with emergent surgery in adults with acute 
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 gastrointestinal bleeding [ 25 ,  26 ]. However, with 
continued advancements in microcatheter tech-
nology and embolization techniques, the use of 
intra-arterial vasopressin infusion to treat GI 
bleeding has decreased. Vasopressin remains a 
useful alternative to embolization when micro-
catheter arterial sub-selection is not possible due 
to technical or anatomic reasons. In general, 
vasopressin is more successful in controlling 
lower GI bleeding than upper GI bleeding and is 
most successful in cases of diffuse mucosal hem-
orrhage or bleeding from small vessels [ 27 ]. 
Profuse bleeding from larger vessels is less likely 
to be controlled by intra-arterial vasopressin 
infusion, and embolotherapy is preferable [ 28 –
 31 ]. In the adult literature, vasopressin infusion is 
reported to achieve hemostasis in 70–90 % of 
cases [ 27 ,  32 – 34 ], and rebleeding rates upon dis-
continuation of therapy are reported to be approx-
imately 20 % [ 27 ,  34 ]. In general, the devices 
needed for vasopressin infusion are cheaper and 
less complex than those used for embolization. 
A typical vasopressin infusion technique 
 established in the adult population consists of 
placing a standard 4 F or 5 F catheter proximally 
into the bleeding artery (e.g., proximal SMA or 
IMA) and beginning vasopressin infusion at 
0.2 U/min for 20–30 min. A repeat angiogram is 
then performed to evaluate the vasoconstrictive 
effi cacy of this vasopressin infusion rate. If the 
repeat angiogram shows continued bleeding, the 
infusion rate is increased incrementally fi rst to 
0.3 U/min and then to 0.4 U/min. Each incremen-
tal increase is followed by an additional waiting 
period of 20–30 min to assess the vasoconstric-
tive effects of that rate. If bleeding is not con-
trolled after an infusion rate of 0.4 U/min, further 
increase in dose rate is not benefi cial, and embo-
lization or surgery should be considered [ 28 ]. If 
vasopressin therapy is successful in controlling 
bleeding, infusion is continued for up to 48 h. For 
children, an appropriate vasopressin dosage has 
not been defi ned, although one investigator has 
suggested that a dose of 0.1–0.4 U/min/1.73 m 2  
body surface area be used [ 35 ] .  

 The patient should remain in the intensive care 
unit during vasopressin infusion. Potential serious 
complications of vasopressin infusion that have 
been described in adults include cardiovascular 

side effects (4 %), such as myocardial infarction, 
severe arrhythmia, or hypertension; bowel isch-
emia-infarction (0.8 %); peripheral vascular isch-
emia manifested by mottling and pain (0.5 %); 
antidiuretic hormone effect of vasopressin (1 %); 
and catheter-related thrombosis, false aneurysm, 
or sepsis (2 %) [ 32 ]. The antidiuretic side effects 
of vasopressin may appear within 6–8 h after ini-
tial infusion causing decreased urine output and 
electrolyte imbalance. Water retention may be 
treated with furosemide. Additional complica-
tions related to prolonged arterial access include 
hematoma, pseudoaneurysm, arterial spasm, arte-
rial dissection, catheter dislodgement, and infec-
tion. It may not be prudent to perform intra-arterial 
vasopressin infusion after unsuccessful emboliza-
tion because an increased rate of bowel necrosis 
has been described [ 27 ,  36 ,  37 ].  

   Embolization 
 Transcatheter embolization for both upper and 
lower GI bleeding has been shown to be safe and 
effective in several adult reports [ 6 ,  24 ,  38 – 40 ]. 
With the exception of treatment for diffuse muco-
sal hemorrhage, vasopressin infusion has for the 
most part been replaced by transcatheter emboli-
zation. Embolotherapy produces more rapid con-
trol of hemorrhage and helps avoid problems of 
long-term catheter placement and the cardiovas-
cular and antidiuretic side effects of vasopressin. 
However, in the setting of prior failed vasopres-
sin infusion, one should wait at least 30 min after 
vasopressin infusion before attempting transcath-
eter embolization to avoid an increased risk of 
bowel ischemia [ 28 ,  29 ]. Waiting 30 min for the 
vasoconstrictive effects to resolve will also mini-
mize false-positive results after embolization. 
Indications for transcatheter embolization that 
were initially described in adult populations 
were upper GI bleeding or bleeding from large 
vessels eroded by gastric or duodenal ulcers. 
However, with improved technology and smaller 
microcatheters, embolization has also now been 
proven successful and safe in adults with lower 
GI bleeding [ 38 ,  39 ,  41 ]. 

 The most common temporary embolic agent is 
Gelfoam (Pfi zer Pharmaceuticals, New York, 
NY). Gelfoam is a sterile gelatin sponge that may 
be applied to bleeding surfaces to aid in  hemostasis. 

8 Arterial Interventions: Gastrointestinal



100

It is insoluble in water, porous, and malleable. It is 
considered a temporary embolic because it allows 
vessel recanalization in several days to several 
weeks. The most commonly used permanent 
embolic agents are standard and microcoils and 
polyvinyl alcohol (PVA) particles. PVA is a per-
manent embolic agent that incites intraluminal 
thrombosis with an associated infl ammatory reac-
tion. It is supplied in a small vial and has a gross 
appearance similar to sand, with particles ranging 
in size from 100 to 1,000 μm. Microcoils are made 
of stainless steel or platinum and, when deployed, 
function in a similar manner to a surgical ligation. 
They are biocompatible but highly thrombogenic 
due to the addition of synthetic fi bers attached to 
the coil. Microcoils decrease perfusion pressure 
and induce local vasospasm. This enables the 
patient to more effectively form clot, leading to 
hemostasis. Trisacryl gelatin microspheres 
(Embospheres, Biosphere Medical, Inc., 
Rockland, MA) and detachable balloons are addi-
tional permanent solid embolic agents that have 
been successfully used in adults. Liquid embolic 
materials include  N -butyl cyanoacrylate (NBCA) 
and Onyx, an ethylene vinyl alcohol copolymer 
(ev3 Endovascular, Inc., Plymouth, MN). 

 Embolization should ideally decrease perfu-
sion pressure enough to arrest hemorrhage, but 
not to the extent of total devascularization. Due to 
the limited collateral blood fl ow in the colon, 
overly aggressive embolization must be avoided. 
Superselective embolization limits the segment 
of bowel at risk for ischemia. In some patients, 
asymptomatic submucosal ischemia may develop 
but typically resolves over a short time. Late isch-
emic complications such as bowel stricture have 
been reported but appear to be quite sporadic.  

   Upper GI Embolization 
 Due to the extensive collateral blood supply to the 
upper GI tract, it is important, if technically pos-
sible, to “bridge” the site of bleeding (to embolize 
both proximally and distally) so that collateral 
fl ow does not cause rebleeding. Embolization of 
the left gastric artery is effective in gastric muco-
sal bleeding with little risk of gastric ischemia, 
because of multiple sources of blood supply and a 
rich submucosal plexus interconnecting major 
arteries. Successful embolic control of gastric 

hemorrhage has been described by multiple 
 investigators in the adult literature, and complica-
tions are rare [ 30 ]. In a recent adult synopsis of 
outcomes from 15 published series of upper GI 
bleeding refractory to endoscopic treatment, 
transcatheter embolization was technically suc-
cessful in 69–100 % of patients and clinically suc-
cessful in 63–97 % [ 24 ]. From the analysis, the 
authors concluded that superselective catheteriza-
tion of the culprit vessel, “sandwich” occlusion 
(both proximal and distal to the bleeding source), 
and even “blind embolization” (no evidence of 
active bleeding on pre-embolization arteriogra-
phy but guided by endoscopic information regard-
ing the location of the bleeding vessel) should be 
considered as fi rst-line therapy for massive upper 
GI bleeding refractory to endoscopic treatment.  

   Lower GI Embolization 
 Historically, the most signifi cant risks of trans-
catheter lower GI embolization have been isch-
emia and infarction, the latter of which has been 
reported to occur in up to 20 % of cases [ 36 ]. 
However, as catheter technology has improved, 
newer and smaller caliber catheters and micro-
catheters have enabled more sub-selective cath-
eterization of distal vessels. Microcoil 
deployment at the level of the vasa recta in the 
large bowel has been shown to be effective in 
achieving hemostasis while minimizing isch-
emic complications [ 39 ]. Particle embolization 
has also been shown to be safe and effective in 
treating lower GI bleeding [ 41 ]. It is important to 
avoid very small particles or gelatin sponge pow-
der, which may reach the intramural circulation 
distal to the collaterals, increasing the risk for 
infarction. Initially, the role of embolization in 
small bowel hemorrhage was unclear because of 
reports of a signifi cant incidence of small intes-
tine infarction induced by embolization. 
However, many of these cases were in patients in 
whom embolotherapy was performed shortly 
after vasopressin infusion, which may have had 
lingering vasoconstrictive effects on collateral 
circulation [ 42 ]. From an anatomic viewpoint, 
the level of small bowel embolization in the mes-
enteric artery is quite critical [ 42 ]. To avoid 
bowel infarction, the ideal embolization site is 
that which occludes only one of the nearest 
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arcade of the vasa recta of the segmental branch 
such that the vasa recta itself are not occluded 
[ 42 ]. After embolization, collateral circulation 
develops via arterial arcades distal to the occlu-
sion and longitudinal communications between 
mural branches of vasa recta within the wall of 
the small intestine, which decreases the risk of 
infarction. The goal of embolization in small 

intestinal hemorrhage is to reduce pulse  pressure, 
allowing spontaneous hemostasis. Embolization 
of lower GI bleeding has been shown to be safe 
and effective, with recently reported success 
rates of 90–100 % and ischemic complication 
rates of 0–5 % [ 39 ,  41 ,  42 ]. An example of a suc-
cessful lower GI (jejunal) embolization is shown 
in Fig.  8.1 .

  Fig. 8.1    A 16-year-old boy with hemophagocytic lympho-
histiocytosis (HLH) presented with melena, abdominal 
pain, anemia (hemoglobin 7.9 g/dL, previously 11.5 g/dL), 
and tachycardia. He was admitted to the PICU and an 
esophagogastroduodenoscopy was performed. No bleeding 
site was identifi ed. After becoming hemodynamically 
unstable and requiring aggressive resuscitation, he was 
transferred urgently to the interventional suite. ( a ) Although 
visualization of GI bleeding usually requires selective cath-
eterization and angiography, in this patient fl ush aortogra-
phy demonstrated active intraluminal contrast extravasation 

( arrow ) from a distal jejunal branch. ( b ) After selection of 
the SMA with a 4 F cobra catheter, coaxial microcatheter 
sub-selection confi rmed active extravasation ( arrow ) and 
localized the culprit vessel. The microcatheter was 
advanced slightly more distally into the culprit vessel, and 
500–700 μm polyvinyl alcohol (PVA) particle emboliza-
tion was performed. ( c ) Post-embolization SMA angiogra-
phy shows cessation of active bleeding in the region of 
prior extravasation ( dotted circle ). The patient stabilized 
following embolization and had no episodes of rebleeding 
and no signs of bowel ischemia       
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        Postprocedure Care 

 All patients should be watched for signs of 
rebleeding. The patient may still pass melanotic 
stools long after the bleeding has been stopped; 
therefore, stability of vital signs and hematocrit 
are more important to monitor. Any  coagulopathy 
should also continue to be monitored and cor-
rected. Although not reported in the literature, 
since femoral arterial access may be signifi cantly 
more technically challenging and time- consuming 
in small children than in adults, if the initial diag-
nostic arteriography is negative, one may con-
sider leaving the femoral arterial sheath in place 
for a short time (<24 h) in order to expedite any 
additional arteriography for recurrent bleeding. 
Of course, the risk of complications from extended 
femoral artery catheterization, including femoral 
artery thrombosis, should be considered. 

 For patients who have received vasopressin 
therapy, once an initial dose rate has been estab-
lished and control of bleeding has been con-
fi rmed, the dose rate should be tapered over 
24–48 h. After vasopressin has been tapered, nor-
mal saline should be infused for an additional 
6–12 h, so that if bleeding recurs, the catheter is 
still in place and vasopressin can be restarted. 
The patient must remain in the ICU during vaso-
pressin infusion with careful monitoring for 
antidiuretic or cardiovascular side effects. 

  Chapter Summary 

   Background 
•   Etiology

 –    Liver: trauma, transplantation  
 –   Gut:

 °    Gastritis/espophagitis  

 °   Esophageal varices (portal hypertension)  

 °   Mallory-Weiss tear  

 °   Gastrostomy tubes  

 °   Eosinophilic gastroenteropathy  

 °   Infectious diarrhea  

 °   Anal fi ssure  

 °   Nodular lymphoid hyperplasia  

 °   Infl ammatory bowel disease  

 °   Henoch-Schonlein purpura  

 °   Meckel’s diverticulum  

 °   Typhlitis (neutropenic patients)         

  Indications and Contraindications 
•   No response to conservative management  
•   Continued blood requirements (>500 mL in 

adult sized patients)  
•   Endoscopy failed, inconclusive or unavailable  
•   No absolute contraindications 

    Pre-procedure Evaluation 
•   Coagulation and hemoglobin optimized as 

possible  
•   Blood products in room  
•   Workup as for other forms of angiography   

  Equipment 
•   4/5 F vascular sheath  
•   Selection of angiographic catheters

 –    Cobra  
 –   Sos Omni  
 –   Simmons  
 –   RIM  
 –   Microcatheters 

       Procedure Technique 
•   Diagnostic arteriography  
•   Intervention

 –    Embolization

 °    Particles  

 °   Microcoils  

 °   Glue      
 –    Drugs

 °    Vasopressin         

  Post-procedure Care 
•   Wean vasopressin  
•   Monitor for signs of recurrent bleeding         
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          Background/Overview 

 As both a clinician and a proceduralist, the inter-
ventional radiologist can have a tremendous 
impact on central venous access (CVA) services. 
The ubiquitous nature of CVA in modern medical 
practice has a tremendous impact both positive 
and negative. CVA allows administration of 
transvenous therapies and blood sampling but 
can also result in infections and other complica-
tions. A signifi cant portion of healthcare costs 
relate to CVA and its complications. 

 Most CVA devices are placed for short-term 
indications such as a single course of antibiotic 
therapy and are unlikely to result in signifi cant 
patient risk. However, patients who require recur-
rent or lifelong venous access are more likely to 
see complications such as recurrent bloodstream 
infections or venous injury leading to thrombo-
sis, stenosis, and occlusion. 

 While attention to stringent technique helps 
produce desirable outcomes when performing 
venous access, decisions regarding the approach 
to complex patients are best made in association 
with all disciplines involved in the clinical care of 
the patient. For patients whose underlying diag-
nosis predicts long-term reliance on CVA, or 

whose venous history is already marked by 
 diffi cult access or signifi cant central stenosis, 
venous access procedures should be performed at 
a center with expertise in advanced access and 
salvage techniques.  

   Indications/Contraindications 

 Common indications are summarized in 
Table  9.1 . Relative contraindications are included 
in the risk factors summarized in Table  9.2 .

       Preprocedure Workup 

 The clinical history and requirements for venous 
access should be evaluated with special regard to 
venous access history and factors that may pre-
dispose to related complications. 

   Communication 

 After referral for venous access, the choice of 
device and route is determined after discussion 
of the urgency, indications, and expected dura-
tion of treatment with the patient’s primary care 
team. Children should be referred to interven-
tional radiology for the medical indication for 
CVA, not merely for the procedure. It should be 
the judgment and experience of the interven-
tional radiologist that determines the appropriate 
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device and route. This philosophy should be con-
sistently represented to referring clinicians, fam-
ilies, and patients, so that no child leaves the 
interventional suite without safe and durable 

access, with  preservation of essential venous 
capital, when access is indicated and achievable.  

   Indication and Expected Duration 

 For acute indications with a brief expected dura-
tion (hours to days), a temporary device via a 
groin or neck vein may be best. When tempo-
rary devices are deployed as an interim mea-
sure, replacement with a permanent device 
should occur within 5–10 days when possible 
(Fig.  9.1 ). For indications requiring longer-term 
continuous access, either a peripherally or tun-
neled, centrally inserted device with a centrally 
located tip is best. Intermittent access may best 
be served with an indwelling subcutaneous 
venous port, while special indications may 
require purpose- driven devices, such as aphere-
sis and hemodialysis catheters.

      Diagnosis and Comorbidities 

 It is helpful to prospectively clarify the specifi c 
diagnosis or diagnoses being treated using venous 
access, using the International Classifi cation of 
Diseases (currently ICD-10). Risk stratifi cation 
also depends on accurate understanding of risk 
factors and comorbidities (Table  9.2 ). There are 
certain referrals to the interventional suite that 
should provoke anticipatory consideration for 
concurrent CVA device insertion if one is not 
already in place, such as biopsy of suspected 
malignancy, drainage of an abscess with systemic 
symptoms of sepsis, and thoracostomy tube 
insertion for parapneumonic effusion.  

   Venous History 

 Prior to selection and insertion of a CVA device, 
the patient’s pertinent history should be reviewed, 
including prior insertions and their outcomes. 
Potential venous anomalies, thromboses, 
 stenosis, or occlusions should be assessed by 
reviewing any previous venography, vascular 
ultrasound, contrast-enhanced CT venography, or 

    Table 9.1    Common indications for central venous access   

 • Therapeutic indications 
 – Blood products 
 – Parenteral nutrition/lipids 
 – Antibiotics 
 – Dialysis/apheresis 
 – Chemotherapy 
 – Chelation therapy 
 – Fluids/electrolytes 
 – Systemic anticoagulation/thrombolysis 
 – Delivery of caustic agents (e.g., Ca 2+ ) 
 – Other medications 

 • Diagnostic indications 
 – Phlebotomy 
 – Pressure transduction 
 – Cardiac function evaluation 

     Table 9.2    Risk factors for central venous access 
complications   

 • Known medical allergies 
 • Immune status 
 • Evidence of current infection with systemic signs and 

symptoms 
 • Concurrent antibiotic administration 
 • Coagulopathy 
 • History of active infection or prior central venous 

access related infections 
 • History of diffi cult access or known venous 

anomalies/abnormalities 
 • Coexisting central venous access or implanted 

medical devices (e.g., pacemaker, shunt) 
 • History of major surgery or trauma 
 • Admission to an intensive care unit 
 • High risk group 

 – Severe burns 
 – Intestinal failure 
 – Renal failure 
 – Diabetes mellitus 
 – Solid organ transplant, small bowel transplant, or 

multivisceral transplant 
 – Functional or quantitative neutropenia 
 – Severe malnutrition 
 – Chronic respiratory disease 
 – Complex congenital heart disease 
 – Morbid obesity 
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MR  venography. When collateral vessels are 
prominently visualized, the point of stenosis or 
occlusion should be identifi ed and this informa-
tion encompassed in the venous access plan.  

   Premedication, Laboratory Analysis, 
and Antibiotic Prophylaxis 

 Other than p.r.n. anxiolysis, there is seldom a 
need for preprocedure medication or antibiotic 
administration. At this time, there is no good evi-
dence to support the practice of administering 
prophylactic antibiotics prior to a CVA procedure 
or for patients with indwelling central venous 
catheters. Practices vary by institution. 

 For placement of a peripherally inserted cen-
tral catheter (PICC), virtually no preprocedure 
labs are necessary as, even in the face of uncor-
rectable coagulopathy, the entry site is easily 
accessible for compression. For other central 
catheter insertions, preprocedure platelet count 
and coagulation studies are routinely obtained. If 
possible, platelets should be above 50,000/μL, 
and the INR should be below 1.5 for elective pro-
cedures. If there is a more urgent need for access, 
the potential benefi ts must be weighed against 
the potential risks before proceeding. 

 Cardiac arrhythmias can be precipitated by 
electrolyte abnormalities such as hyperkalemia 
and hypocalcaemia. Electrolyte levels should be 
determined in at-risk patients.   

   Equipment 

 Innumerable CVA catheters are available. These 
include temporary and long-term devices, PICC 
(cuffed, uncuffed), port (single, double), tun-
neled central venous lines (CVLs) (cuffed, 
uncuffed; single, dual, or triple lumen; aphere-
sis, dialysis), and special-purpose catheters such 
as CT-compatible catheters and antibiotic 
catheters. CT-compatible catheters (PICC, port, 
and CVL) are constructed of thin-walled, strong 
material that permits much higher fl ow rates, up 
to 7 mL/s in some catheters, which can be used 
for rapid bolus studies such as CT angiography 
and  cardiac studies. Antibiotic-treated or 
antibiotic- impregnated catheters may provide 
increased protection against catheter-related 
bloodstream infections (CRBSIs) for 60 days or 
longer. In select high-risk patients, including 
those with renal failure and complex congenital 
heart disease; patients in the intensive care unit; 
children after liver, small bowel, or multivisceral 

  Fig. 9.1    ( a ) A left groin temporary catheter was placed in 
an infant in PICU without image guidance. The catheter 
tip ( arrow ) projects just left of the spine on a post- insertion 
portable radiograph. ( b ) CT 3 weeks later shows the 

 catheter tip ( arrow ) within the left common iliac artery. 
Fortunately, no complications occurred with this pro-
longed inadvertent arterial malposition       
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transplant; and children dependent upon chronic 
IV nutritional support such as those with short 
bowel syndrome, there may be as much as a 15 
times reduction in risk of infection with use of 
antibiotic- impregnated catheters [ 1 ]. Selective 
use of these catheters in stratifi ed populations 
may yield signifi cantly improved outcomes. 

   Device Selection 

 A catheter with the smallest diameter and the 
least number of lumens that meet the treatment 
requirements should be used to minimize the 
risks of infection and thrombosis. Table  9.3  
provides examples of catheter sizes for various 

weights and indications. Features like catheter 
taper, material properties, and inner diameter 
necessitate different procedural considerations 
for catheters with the same nominal French size, 
so these recommendations should be interpreted 
with respect to the operator’s experience, the 
institution’s preferences, and the patient’s indi-
vidual needs.

   For expected treatment lengths of 5 days to 6 
months, a PICC is usually the best choice. 
Currently, the smallest PICC that can be manipu-
lated with a guide wire is 1.9 Fr. The author pre-
fers a 3-Fr PICC in children less than 10 kg, or 
where the length is less than 20 cm, and a 4-Fr 
PICC in larger children, or where a longer catheter 
is required. In infants less than 5 kg, a tunneled, 
cuffed catheter placed in a central vein may be 
easier to place than a PICC, but positive pressure 
ventilation during insertion is recommended. 

 For long-term continuous venous access, a 
tunneled, cuffed catheter placed via a central vein 
works well. When more than two lumens are 
required, there are a number of options available. 
A second temporary or permanent single- or 
dual-lumen catheter can be inserted in lieu of a 
triple-lumen device. 

 For chronic intermittent access, an indwell-
ing subcutaneous venous port provides reliable 
access with the lowest risk of infection or other 
complications. Varying chamber sizes allow 
placement in patients ranging in size from 
adults to premature infants. “Mini” ports have 
been placed in infants as small as 1.4 kg with 
good outcomes. Dual-lumen ports are used for 
only a few indications such as osteosarcoma or 
recurrent red blood cell exchange in sickle cell 
disease. CT-compatible ports that allow the use 
of power injectors have recently become avail-
able in a wide variety of sizes and profi les. 
Low- profi le ports may also be used in periph-
eral locations, such as the arm, without increas-
ing risk. 

 Apheresis and hemodialysis catheters are usu-
ally placed via the jugular or femoral veins. 
Kidney Disease Outcomes Quality Initiative 
(KDOQI) guidelines indicate jugular access is 
preferred. For short-term use, temporary catheters 

    Table 9.3    Common sizes of central venous devices used 
in children   

 Weight  <5 kg  5–15 kg  15–30 kg  >30 kg 

 PICC 

 Single lumen  1.9–3 
or † 

 1.9–3  3–4  4–6 

 Double lumen  2.6–4 
or † 

 2.6–4  4–5  5–7 

 Tunneled central catheter 

 Single lumen  3  3–4  3–4  4–6 
 Double lumen  4  4–5  4–5  5–7 
 Port 1  

 Single lumen  5 2   5  5–6  5–9 
 Hemodialysis/apheresis (DL) 

 Acute 
(non-tunneled) 

 6.5  8  10  11.5 

 Maintenance 
(tunneled) 

 8  10  12  14 

 Bone marrow transplant/stem cell collection (DL) 

 Donor 
(non-tunneled) 3  

 6.5  8  10  10 

 Recipient 
(tunneled) 

 4  4–7  7  12 4  

  This table compiles the French sizes of catheters by 
patient weight and device type. These represent the pref-
erences of the author and editors and should be considered 
advisory rather than prescriptive 
  DL  double-lumen catheter 
 † Consider a tunneled central catheter 
  1 Low-profi le devices commonly used in children 
  2 Small-diameter “mini” port chamber available for infants 
  3 For all allogeneic donors and autologous collection 
  4 Can be used for autologous stem cell collection  
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may be placed, while for chronic use,  tunneled 
catheters are preferred. The catheter diameter 
should be selected based on the fl ow rates 
required, in consultation with the referring clini-
cian and the apheresis/dialysis staff. In the 
younger age groups, device selection is limited as 
catheters with a diameter of 6–14 Fr are required 
to achieve satisfactory fl ow rates in most cases. 
Patients with chronic renal failure are at high risk 
for mechanical and infectious complications 
related to their central venous catheters and often 
accumulate venous injuries that may result in loss 
of all conventional routes of access (Fig.  9.2 ). 
Minimizing risk of venous injury in this patient 
group is essential. This can be facilitated by close 
communication between multiple disciplines and 
referral of all venous access-related procedures in 
these patients to the lowest-risk provider avail-
able. Early creation of arteriovenous fi stulae to 
avoid or delay hemodialysis is advocated by some 
groups.

       Procedure Technique 

   Comfort, Sedation, Anesthesia, 
Analgesia 

 Pediatric anesthesia and sedation are covered in 
Chap.   3    . However, the following are some con-
siderations related to venous access procedures. 
Safe and effective percutaneous venous access 
and secure guide wire access to the atrium should 
be the goal of sedation. In many cases, adequate 
local anesthesia and brief immobilization of the 
access site will be suffi cient. In some cases, the 
inherent hazards of a procedure, elevated anxiety, 
or sensitivity to pain may require general anes-
thesia and even paralysis. 

 Numerous resources can be utilized to facili-
tate desirable outcomes and improve the experi-
ence of the patient and family. These include 
involvement of parents, child life specialists and 

  Fig. 9.2    A 12-year-old male with dysfunctional right 
femoral hemodialysis access. ( a ) Contrast study through 
the existing catheter ( arrows ) shows complete occlusion 
of the right common iliac vein and indwelling stents. ( b ) 
The left and ( c ) right upper extremities and neck veins are 

completely occluded centrally. ( d ) A percutaneous trans-
lumbar access to the IVC was obtained with ultrasound 
guidance and a 21-gauge echogenic needle ( arrows ) just 
inferior to the dysplastic kidney. ( e ) A tunneled, cuffed 
hemodialysis catheter was inserted       
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play therapists, patient liaisons, sedation special-
ists, and anesthesiologists. Use of distraction 
techniques, sedation, or general anesthesia is 
based on patient need, procedure complexity, and 
resource availability.   

   Venous Access 

   Positioning 

 The patient should be positioned so that the 
potential access site is freely accessible and 
immobile. During real-time ultrasound guidance, 
which is recommended for all venous access pro-
cedures, the ultrasound monitor should be placed 
so that it is in line with the entry site and with 
the operator’s natural line of sight. A small 
roll placed directly under the intended venous 
entry site can often make the site more easily 
accessible.  

   Skin Preparation and Draping 

 In order to minimize the potential for CRBSI, 
strict sterile technique should be used for venous 
access procedures. Proper hand washing tech-
nique and surgical gowns, gloves, and masks 
should be employed. A large area should be 
cleansed with a suitable agent such as 2 % 
chlorhexidine. To avoid a chemical skin burn, 
lower concentrations of chlorhexidine (1 %) or 
Betadine should be considered for use in prema-
ture infants. Adhesive drapes help to isolate the 
sterile fi eld.  

   Site Selection 

 In selecting a site for venous access safety, com-
fort, avoidance of complications, and accommo-
dation to venous abnormalities should be 
considered. Access should be performed through 
intact skin without evidence of local infection. 

 Placing a catheter from the right side provides 
a straighter course to the atrium from the right 
arm or neck and is less likely to be malpositioned 

in a lumbar vein from the right groin. For tunneled, 
cuffed central catheters, the internal jugular and 
common femoral veins are equally useful with a 
similar rate of complications, except that place-
ment of long-term (tunneled) catheters from the 
groin has a higher rate of accidental dislodge-
ment in the author’s experience. The subclavian 
vein should be avoided except as a last recourse 
for most applications, as the rate of both mechan-
ical and infectious complications is highest for 
these catheters. If it must be used, image-guided 
puncture lateral to the costoclavicular ligament 
will avoid catheter pinch-off syndrome (Fig.  9.3 ).

      Alternative Access Sites 

 When the usual sites for venous access are not 
available, a variety of less commonly used routes 
can be employed. These include peripheral sys-
temic veins such as scalp veins, forearm, hand, 
thigh, and leg veins. All of these are accessible 
using ultrasound. If a tunneled catheter is 
required, a tunnel may be formed once access is 
secured. In most of these locations, a low-profi le 
port could be placed if needed. 

 If the pathways proximal to the usual access 
sites are obstructed and cannot be salvaged, then 
collateral pathways can be used. These include 
the external jugular and internal mammary veins, 
as well as paravertebral and intercostal collaterals 
above the diaphragm (Fig.  9.4 ) and occasionally 
pelvic and paraspinal collaterals below the dia-
phragm. Collateral pathways tend to be tortuous 
and constricted at branch points that can often 
make insertion of a guide wire and catheter chal-
lenging or impossible. When using a collateral 
pathway, it is important to advance the catheter 
tip to the lower SVC beyond the azygos arch, as 
these collateral pathways often communicate 
with spinal and epidural vessels and could trans-
mit caustic medications to the spinal cord result-
ing in transverse myelitis and potential paralysis.

   When subclavian and jugular veins are 
occluded, retroclavicular transmediastinal access 
to the brachiocephalic veins or even to the distal 
SVC may be possible (due to infl ow from the 
azygos system). In this case, the patent pathway 
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to the right atrium may be visualized by directing 
a paracoronal ultrasound beam toward the atrium 
from a supraclavicular approach (Fig.  9.5 ). In 

this view, the cupola of the lung and the brachio-
cephalic or subclavian artery may also be visual-
ized so that pneumothorax and inadvertent 
arterial puncture can be avoided. Similarly, from 
below the diaphragm, it is possible to gain access 
to the IVC by a translumbar or a transhepatic 
approach. Ultrasound and fl uoroscopy can be 
used in combination to guide such access. Three- 
dimensional imaging, using cone-beam CT on 
the angiography table or conventional CT, can be 
a helpful adjunct for route planning or guidance. 
It is worth noting that the transhepatic route espe-
cially is associated with very high rates of infec-
tion, infusate extravasation, and accidental 
catheter dislodgment and should be reserved as a 
last resort.

      Principles of Image Guidance 

 Before ultrasound became the mainstay for guid-
ance during venipuncture, venous access was 
obtained using visual guidance (under direct 
visualization, transillumination, or use of topo-
graphical landmarks) or using venography. 
Visual access attempts favor selection of more 
fragile superfi cial veins that are more prone to 
rupture and thrombophlebitis and are also more 
likely to result in inadvertent puncture of 

  Fig. 9.3    A 12-year-old female underwent removal of a 
right subclavian port. ( a ) The distance from costoclavicu-
lar ligament to its tip measures 11.5 cm (between  arrows ). 
( b ) This is the same length as the catheter fragment 

( arrows ) that was retrieved with a transfemoral loop snare 
( open arrow ) after port explantation. Catheter pinch-off 
syndrome is a common cause of complication for cathe-
ters inserted by this route       

  Fig. 9.4    A 7-year-old on chronic parenteral nutrition 
with extensive systemic venous occlusions. A dual-lumen 
cuffed, tunneled catheter enters a paravertebral collateral 
vein in the neck ( arrow ), descends through tortuous hemi-
zygos collaterals and crosses below the diaphragm into 
the azygos veins, and ascends to the azygos arch ( open 
arrow ). This was achieved by snaring the guide wire from 
a transfemoral approach (the so-called body-fl oss tech-
nique of guide wire stabilization)       
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 nontarget structures such as the pleurae and arter-
ies (Fig.  9.6 ). Venography is more reliable for 
deep vein puncture, but requires use of contrast 
and ionizing radiation (Fig.  9.7 ). As a planar 
modality, it also increases risk of transgression of 
nontarget structures like arteries and nerves.

    Minimizing vessel trauma during access is 
important, as repeated trauma (such as from mul-
tiple punctures) promotes intimal injury and 
platelet aggregation and ultimately may progress 
to thrombosis, fi brosis, stenosis, and occlusion. 
With exquisite high-resolution near-fi eld imag-
ing, ultrasound can enable navigation into even 
tortuous or very small caliber vessels while 
avoiding vital structures such as arteries, nerves, 
and pleurae. The target vessel can be interrogated 
along its length to assure patency and to defi ne a 
safe pathway for access.  

   Initial Access 

 While either longitudinal or transverse imaging 
can be useful, most venous access is performed in 
transverse section (Fig.  9.8 ). Tilting the trans-
ducer slightly away from the needle can help 
make the beveled tip more conspicuous. If the 
imaging plane is maintained just ahead of the 
needle tip, then the bright tip artifact will always 

be entering the image as the needle is advanced, 
making it easier to keep control of the position of 
the needle tip and avoiding inadvertent puncture 
through the back wall of the vein. A short sharp 
darting motion will allow inertia to help stabilize 
the wall while the bevel (and, importantly, the 
cannula if an angiocatheter (i.v. catheter) is used) 
pierces the wall and fully enters the lumen. While 
controlling the tip position with ultrasound, the 
needle and cannula can be advanced well within 
the lumen, so that guide wire access can be 
achieved with decreased risk of dislodgement. In 
infants with small veins, double-wall puncture 
may be required.

      Guide Wire Advancement 

 Soft, gently curved guide wires facilitate advance-
ment through the venous system. The earlier in 
the procedure that the guide wire is advanced to 
or beyond the right atrium, the fewer events can 
occur which lead to loss of access. Imaging con-
fi rmation of its central progress is helpful to 
assure the wire is properly placed to guide the 
catheter tip to its desired location. 

 Inability to pass a guide wire into the central 
circulation may be due to (1) extravascular 
 position of the access needle tip, (2) malposition, 

  Fig. 9.5    A 22-year-old male on hemodialysis. Pelvic, 
neck, and upper extremity veins are chronically occluded. 
( a ) The brachiocephalic confl uence is visualized with 
color Doppler imaging using a right retroclavicular, coro-
nal approach. The access route (between  open arrows ) 

was chosen to minimize the path length. ( b ) This access 
was used to deliver the 14 Fr dual-lumen cuffed, tunneled 
hemodialysis catheter shown here ( black arrow ). The 
right pigtail thoracostomy drainage tube ( open arrow ) was 
preexisting       
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(3) spasm, or (4) stenosis or occlusion. If not 
within the vein, the wire can coil outside the ves-
sel or travel along the neurovascular connective 
tissue sheath until it reaches a transition point, 
such as the axilla. If the guide wire advances into 
a diffi cult accessory or collateral pathway, recog-
nition and reposition is essential to successful 
central placement. 

 When venospasm occurs, the guide wire or the 
PICC catheter cannot be advanced, usually 
beyond the upper arm or axilla. It can be pro-
voked by any manipulation of the vein. The 
appearance on venography is often equivocal, 

and one may simply see extravasation of contrast 
distal to the access point or near the tip of the 
catheter or dilator. Calming the child, warming 
the affected region, or simply allowing time to 
pass are usually the most successful treatment 
strategies. Pharmacologic measures (e.g., nitro-
glycerin, papaverine) may be attempted but are 
often not helpful. In some cases, a peel-away 
sheath or metal stiffener inserted over a mandril 
wire from a micropuncture set can be used to 
gently bypass the area of stenosis. It may be most 
useful to simply select an alternative access point 
that does not involve the spastic segment. 

  Fig. 9.6    Pain and ischemic symptoms following PICC 
insertion. ( a ) On the immediate post-insertion radiograph, 
the catheter tip is located at the level of the carina to the 
left of the spine, suggesting inadvertent arterial malposi-
tion. ( b ) Although the catheter was promptly removed, 
an arteriogram shows the “meniscus” sign ( arrow ) of 

thrombotic occlusion at the insertion site with distal 
reconstitution but ( c ) very poor fl ow to the hand despite 
nitroglycerin administration. This case emphasizes the 
hazards associated with venous access performed without 
adequate real-time image control       
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 In distinction to venospasm, stenosis and 
occlusion are fi xed or progressive. Once injury has 
progressed to fi brosis, tight stenosis, or occlusion, 
it may be impossible to provide access through the 
affected venous pathway without specifi c inter-
vention. Again, it is easiest and quickest when 
such issues are encountered to simply move on to 
another vessel and write off the affected pathway. 
However, unlike self- limited spasm, failure to 
address the issue of stenosis or occlusion when it 
is encountered may be equivalent to reducing the 
patient’s venous reserve. When all the access 
routes are spent, the access-dependent patient will 
die. It is not the last vessel standing that should 
command our attention so much as the fi rst vessel 
at risk. Guide wire and related techniques to sal-
vage stenotic or occluded venous pathways are 
addressed in “Recanalization and Venoplasty.”   

   Tract and Pocket Preparation 

   Local and Regional Anesthesia 

 Topical anesthetic agents are a great aid in chil-
dren as they will decrease the pain associated 
with venipuncture and local anesthetic injection. 

Care must be taken when local anesthetic is 
injected prior to venipuncture as it can result in 
compression of the vein and loss of visualization. 
Use of epinephrine    (1:200,000) in the local anes-
thetic and longer-acting local agents (e.g., 0.25 % 
bupivacaine) and regional blockade (e.g., of 
intercostal nerves in port pocket preparation) can 
be useful adjuncts for greater and more durable 
patient comfort.  

   PICC and Peripheral Port Sites 

 Basilic, brachial, and cephalic veins can be used. 
The basilic has the lowest incidence of thrombo-
sis. The cephalic vein is often problematic 
because of its narrow caliber and tortuous course. 
It is best to select an insertion site just high 
enough above the antecubitum that the patient 
can easily bend and use the arm after the catheter 
has been placed and dressed. When accessing the 
brachial vein, the relationship of the vein to the 
artery and nerve (Fig.  9.8 ) is variable and should 
be carefully noted. Transgression of the nerve 
causes pain and paresthesia. 

 Port pockets for peripheral ports may be 
formed distal to the venous entry site, or the tract 
may be curved so that the port can be placed 
more proximally, taking care that the tract is not 
sharply curved to avoid catheter kinking. 

   Catheter Insertion 
   Peel-Away Sheath 
 In most cases, a catheter is introduced to the 
venous system through a peel-away sheath, either 
directly, as for a PICC or temporary catheter, or 
after having been drawn through a subcutaneous 
tunnel, as for a tunneled central line or indwell-
ing port. 

 In the thorax, sheath insertion should be 
monitored under fl uoroscopy to stay properly 
aligned and avoid perforation of the vein or 
atrium wall. The sheath should never be 
advanced without its dilator, as the unprotected 
tip is relatively sharp. 

 As air embolism is possible, many peel-away 
sheaths are now manufactured with a valve that 
prevents ingress of air after the dilator has been 

  Fig. 9.7    Through a 22-gauge angiocatheter ( arrow ) in a 
right cephalic branch, intravenous contrast is adminis-
tered during fl uoroscopic imaging to plan a route for 
 percutaneous venous access for a PICC insertion. A tour-
niquet ( arrowheads ) improves refl ux of contrast into arm 
veins. The tip of a hemostat is being used to identify a 
route of access to the brachial vein in the mid-arm. 
Effacement of contrast (not shown here) by the tip of the 
needle during attempted access is a sign that the tip is 
compressing the target vein wall       

 

K.M. Baskin



117

removed. Placing the patient in Trendelenburg 
position helps assure a positive pressure gradient. 
It is also possible to clamp the sheath outside the 
skin until the catheter tip has been introduced, 
although this may cause damage to the sheath. 

 After the catheter has been advanced through 
the sheath, it must be controlled during sheath 
removal to prevent inadvertent malposition or 
dislodgement. It may be helpful to confi rm with 
fl uoroscopy that the catheter has been adequately 
advanced before peeling the sheath away and to 
observe with fl uoroscopy while removing the 
sheath if there is any uncertainty.   

   Catheter Measurement 
 Hemodialysis and apheresis catheters, and those 
with specialized tips, such as Groshong-type valved 
catheters, are inserted without modifying the cath-
eter length. However, most catheters are trimmed 
to length so as to position the tip at a desired loca-
tion ( see  “Tip Position”). There are several meth-
ods that can be used to determine the proper length 
such as pre-marked guide wires, the modifi ed bent 
guide wire technique, and cutting to length from 
surface measurement. Each involves placing the 
wire or catheter tip at the target point and then mea-
suring the distance to the skin entry point.  

  Fig. 9.8    ( a ) The basilic vein is visualized with longitudi-
nal ultrasound in the mid-arm of a 6-month-old infant. 
The anterior and posterior walls of the vessel ( arrows ) are 
most echogenic when the vein is centered in the beam. ( b ) 
The same vein is visualized in transverse section. Slight 
caudal angulation of the transducer enhances conspicuity 
of the tip ( arrow ). In this image, although the tip appears 
to be within the lumen, the vein has not yet been punc-

tured. Note also the brachial nerve ( open arrow ) adjacent 
to the brachial artery characterized on ultrasound as a 
noncompressible structure fi lled with small echogenic 
circles that represent the perineurium of the nerve fasci-
cles. ( c ) Note the increased echogenicity of the beveled tip 
of the angiocatheter stylet when it is completely within 
the vessel lumen compared with the extraluminal tip seen 
in ( b ) above       

 

9 Central Venous Access and Related Interventions



118

   Catheter Advancement 
 Once a peel-away sheath is in place and the cath-
eter has been measured and trimmed, the catheter 
is advanced through the sheath. The sheath is 
removed and the fi nal position is evaluated under 
fl uoroscopic control.  

   Tip Position 
 The actual goal is to position the catheter tip at 
the safest place with the lowest risk of infectious 
or mechanical complications. We do not have 
very reliable data about where this point might 
be for each catheter type, each patient size and 
age, and each medical indication. For most situa-
tions, experience suggests this is at or near the 
cavoatrial junction, at the superior limit of the 
right atrium from above the diaphragm, and at 
the inferior limit of the atrium from below the 
diaphragm. Since the venous anatomy cannot be 
seen without contrast or cross-sectional imaging, 
this point can best be approximated as a point 2 
vertebral  bodies below the carina for the superior 
cavoatrial junction (Fig.  9.9e ) and a point just 
above the diaphragmatic margin for the inferior 
cavoatrial junction.

   Recommendations of the KDOQI of the 
National Kidney Foundation state that the distal 
catheter tip of hemodialysis catheters should be 
located within the right atrium (Fig.  9.10 ).

   Apheresis and temporary catheters are usually 
not constructed to reach the cavoatrial junction 
and are not trimmable to length, so they must be 
positioned so as to optimize function and mini-
mize complications. They may also be more 
tapered and stiffer than permanent catheters. 
From above the diaphragm, they should be placed 
with their tip well into the SVC if possible, that 
is, below the carina and, better, below the inferior 
margin of the right mainstem bronchus. When 
placed from the left, they should be advanced so 
as to hang freely within the SVC lumen and not 
project against the lateral vein wall. From below 
the diaphragm, the tip should be within the IVC 
if possible and not obstruct either the renal or the 
hepatic venous outfl ow. 

 For catheters in a persistent left superior vena 
cava (Fig.  9.11 ), there is no consensus on tip 
position.

     Catheter Fixation, Wound Closure, 
and Dressing 
 Where possible, it is best to avoid retention 
sutures in children. PICCs, for example, can be 
reliably fi xed to the skin with an adhesive device 
that “locks in” the PICC hub to help prevent its 
accidental dislodgement. 

 A sterile dressing that is self-wicking and 
does not require gauze underneath the occlusive 
dressing can usually remain in place for a week 
before it needs to be changed. Dressings that 
include a gauze covering should be changed 
much more often, while blood-soaked dressings, 
dirty dressings, and dressings that are no longer 
occlusive should be changed immediately on 
recognition. 

 Ingrowth of subcutaneous fi brous tissue pro-
vides stability in cuffed catheters. However, dur-
ing the fi rst 7–10 days, the stability of the catheter 
must be protected by some other means. 
Tunneled, cuffed catheters as well as temporary 
catheters are often fi xed to the skin with inter-
rupted sutures through suture tabs or around 
suture points. Form a suture loop in the skin and 
then fi x the tab to the loop, rather than passing the 
skin loop through the suture tab. This decreases 
risk of the suture cutting the skin or causing 
necrosis. Alternatively, these catheters as well as 
catheters without suture tabs can be fi xed to the 
skin with an adhesive device similar to that 
described above. The skin entry wound should be 
closed around the exiting catheter with an inter-
rupted suture, taking care not to kink the catheter! 
Similarly, the skin entry wound at the venous 
entry site can be closed with a single interrupted 
suture, taking care not to perforate the catheter in 
the process. Both wounds should be covered with 
a sterile occlusive dressing until primary healing 
has occurred. The sutures may usually be 
removed after 10–14 days. 

 The hub of an indwelling venous port can be 
fi xed to the superfi cial muscle fascia with inter-
rupted sutures. The incision is usually closed in 
layers, with interrupted sutures deeply and either 
a running subcuticular suture or tissue adhesive 
to close the superfi cial layer. If tissue adhesive is 
not used, Steri-Strips are often applied as a fi nal 
protection against early dehiscence of the wound. 
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  Fig. 9.9    A 1-year-old female with truncus arteriosus post 
repair presented for PICC insertion. ( a ) Venography from 
the right shows complete occlusion of the axillary vein 
( black arrow ) with prominent collaterals that drain to the 
right atrium via the azygos ( open arrow ). ( b ) Left extrem-
ity venogram shows occlusion of the left brachiocephalic 
vein, with preferential decompression via the hemiazygos 

to azygos, returning through the arch ( asterisk ) to the right 
atrium. ( c ,  d ) Wire recanalization and serial angioplasty to 
5 mm was performed to allow for restoration of fl ow 
( e ) and line insertion. The tip of the catheter projects 2 
vertebral bodies below the carina, a close approximation 
of the cavoatrial junction       
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If the port will not be used immediately after 
insertion, then the wound can be covered with a 
sterile dressing after heparin administration. If it 
will be used, then it should be accessed with the 
appropriate non-coring needle. The needle-hub 

access device can be supported with a split gauze 
dressing, fi xed to the skin with Steri-Strips, and 
then covered with a sterile dressing. Once the 
wound heals, no dressing is required when the 
port is not accessed.     

  Fig. 9.10    ( a )    Dysfunctional hemodialysis catheter in an 
11-year-old male with chronic renal failure. A catheter 
contrast study showed that both channels were positioned 
below the cavoatrial junction, as recommended by KDOQI 
guidelines. ( b ) Neither port would fl ush or withdraw prop-
erly. A snare was advanced from the femoral vein over the 

intravascular portion of the catheter, and after snugging it 
against the catheter ( arrow ), it was pulled down off the tip. 
( c ) Repeat contrast injection demonstrated unimpaired 
fl ow. This type of salvage procedure can usually be 
accomplished much more quickly than placing a new 
catheter and at signifi cantly lower risk to the patient       
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   Managing Complications 
and Catheter Salvage 

   Procedural Complications 

 Immediate major complications encountered 
during the access procedure include cardiorespi-
ratory compromise (perhaps related to sedation, 
airway compression, or a cardiac rhythm distur-
bance), perforation or arterial puncture with car-
diac tamponade or hemothorax, air embolism, 
and pneumothorax. Although a discussion of 
treatment for these conditions is outside the scope 
of this chapter, such events signal the end of the 
elective procedure and the beginning of resusci-
tation: the transition must be made without delay.  

   Mechanical Complications 

   Device Dysfunction 
 Catheter dysfunction may be the result of a num-
ber of factors. Inability to draw from or fl ush 
through the catheter may be secondary to kinking 
or suture occlusion of the catheter, a fl ipped or 
disconnected port chamber, improperly accessed 

port, malposition of the tip, occlusion with 
 medication, or thrombus/fi brin sheath. Careful 
evaluation of the external portions of the catheter 
and a chest radiograph will often reveal the 
underlying cause of dysfunction. If not, fl uoros-
copy with contrast is helpful. 

 Comparison with imaging obtained at the time 
of insertion can help discern more subtle evi-
dence of catheter tip migration or embolization 
after fracture. Contrast outside the catheter may 
relate to a connection failure (at the port hub, 
Fig.  9.12 ) or catheter fracture or perforation. 
Fracture or perforation is most commonly seen in 
“subclavian” catheters that pass through the cos-
toclavicular ligament on their way to the antero-
lateral wall of the brachiocephalic vein: the 
so-called catheter pinch-off syndrome (Fig.  9.3 ). 
If the catheter appears shortened compared to 
earlier images or measurement at the time of 
insertion, the thorax should be searched for an 
embolized fragment (Fig.  9.13 ). Deviation of the 
contrast stream at the catheter tip suggests either 
adherence to the vessel wall, a fi brin sheath, or a 
tip thrombus (Fig.  9.14 ).

     A fl ipped port can sometimes be manipulated 
through the skin into its normal position, but if it 
is recurrent or cannot be restored in this way, the 
port pocket may have to be opened in order to 
suture the hub more securely to the muscle fascia. 
A fi brin sheath or tip thrombus may respond to 
thrombolytics at dose volumes just large enough 
to fi ll the catheter. 

 For devices that remain dysfunctional and are 
diffi cult to replace, like ports and hemodialysis 
catheters, it may be worthwhile attempting to 
strip the tip of the catheter with a snare (Fig.  9.10 ). 
If this does not work, there is little choice but to 
replace the catheter or place a new one at a new 
location.  

   Dehiscence 
 Rarely, if the port hub or subcutaneous catheter is 
too shallow or there is pressure on the overlying 
skin, it may erode through the skin or result in 
wound dehiscence. There is little that can be done 
about these complications other than to adminis-
ter appropriate antibiotics and re-site the device.  

  Fig. 9.11    This 4-month-old male required central venous 
access but had marked right upper extremity edema. 
During the procedure for insertion of a left arm PICC, the 
guide wire was noted to advance into a persistent left 
superior vena cava. Catheters can be situated in a left 
SVC, but the safest tip position has not been determined       
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   Swelling 
 Swelling near the insertion site or port pocket is 
usually infectious or infl ammatory, but may be 
mechanical in origin. If the swelling and any 
associated discomfort worsen during infusion, it 
may represent infusate infi ltration, signifying 
discontinuity somewhere between the hub and 
the venous entry site. If there is a pulsatile swell-
ing or if the swelling continues to increase in size 
without relation to use, this may signify an inad-
vertent arterial injury, such as arteriovenous fi s-
tula or pseudoaneurysm.   

   Infectious Complications 

 Central venous catheters in children are removed 
far more often due to misdiagnosis of infection 
than to proven infection. Reasonable efforts 
should be made to exclude common noninfec-
tious reasons for catheter-related symptoms and 
common reasons for non-catheter-related symp-
toms of infection, before removing an otherwise 
functioning catheter. 

 Pain, erythema, and swelling overlying the 
access vein with or without fever, especially in 
close proximity to the access procedure, usually 
represent self-limited phlebitis or phlegmasia. 
A warm compress, elevation of the affected 
extremity, and time will usually see these fi nd-
ings pass without further incident, although many 
catheters are removed under such conditions in 
the mistaken belief that the underlying cause is 
infectious. 

 Erythema, tenderness, and a purulent dis-
charge without bacteremia are prima facie evi-
dence of a soft tissue infection and may be seen 
at the catheter exit site, at the venous entry site 
wound, along the subcutaneous tunnel, or in the 
port pocket. A swab of the purulent discharge 
should be submitted for microbiologic analysis. 
Antibiotics should be administered and the cath-
eter or port should be removed. 

 Unequivocal evidence of a CRBSI includes 
catheter tip and blood cultures with a single 
organism known to cause such infections, without 
another source, and with clinical signs and symp-
toms of sepsis. Differential time to  positivity of 

  Fig. 9.12    A 18-year-old female with sickle cell disease 
experiencing pain and swelling of the port pocket during 
drug administration. ( a ) This chest radiograph shows that 
the port hub ( black arrow ) has separated from the catheter 
( open arrow ). The catheter tip ( white arrow ) has emboli-

zed to the suprahepatic IVC after coiling in the ostium of 
the left hepatic vein. ( b ) A snare was used to capture the 
superior end of the catheter, which was withdrawn safely 
through the groin sheath. The port hub had to be removed 
from the port pocket and a new port was inserted       
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catheter and peripheral cultures are strongly pre-
dictive of catheter-related infection. The samples 
should be of equal volume and drawn simultane-
ously, and the transcatheter culture should be 
positive 2 h or more before the peripheral culture. 

Such evidence should be sought especially in 
patients at high risk for catheter-related infec-
tions, because they are subject to severe 
 complications related to multiple venous inter-
ventions and cannot afford to have functioning 

  Fig. 9.13    Two days following PICC removal in a 10 
month old, an unsuspected fragment was discovered. ( a ) 
Tips of the embolized fragment project over the infl ow 
( black arrow ) and outfl ow ( white arrow ) portions of the 
right ventricle. Rather than advancing a device across the 
tricuspid valve, a tip-defl ecting wire ( open arrow ) was 
passed transfemorally and activated within the right 

atrium to capture the loop of catheter. ( b ) The loop was 
then drawn down into the IVC in order to bring one tip of 
the catheter in range of a snare loop. ( c ) A snare ( arrow ) 
was then advanced superior to the intra-atrial catheter tip 
and retracted until the tip was captured. ( d ) The captured 
tip ( white arrow ) was then withdrawn through the trans-
femoral sheath to complete the foreign body retrieval       
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noninfected catheters removed. A positive blood 
culture with resolution of signs and symptoms 
within 24 h of catheter removal is also presump-
tive evidence of a CRBSI, but presumes removal 
of the catheter before diagnosis. The most com-
mon organisms associated with CRBSI include 
 Staphylococcus aureus  and coagulase-negative 
staphylococci,  Enterococcus faecalis ,  Escherichia 
coli ,  Pseudomonas aeruginosa , and  Candida 
albicans . Of course, this is a retrospective diagno-
sis made after removal of the catheter. Fever with-
out a positive culture is not evidence of a CRBSI. 

 It is diffi cult to make a defi nitive diagnosis 
while the catheter is still in place and to preserve 
the catheter in cases where it is not involved. If 
another source can be identifi ed and successfully 
treated, the catheter usually does not need to be 
removed. Some CRBSI can be treated with anti-
biotics without removing the catheter. This 
should be undertaken through consultation with a 
specialist in treatment of pediatric infectious dis-
eases. It is important to understanding outcomes, 
identifying risks and sources of infection, and 
improving practice to correctly differentiate 
CRBSI and catheter-related soft tissue infections 
from non-catheter-related events. Each  institution 

should collect data on each central venous 
 catheter from the fi rst use of an access site to the 
fi nal removal of a catheter from that site, as part 
of the procedural and outcomes data summarized 
in Appendix. The calculation of this data 
 according to events per catheter day provides 
information that can usefully be compared across 
experiences and locations.   

   Venography 

 Although MRI or CT can be used, venography is 
the common method to diagnose signifi cant 
venous stenosis or occlusion. The most common 
etiologies in children are related to previous 
venous access for causes such as hemodialysis, 
dependence on parenteral nutrition, and complex 
congenital heart disease. A venogram can delin-
eate the level of obstruction, demonstrate evi-
dence of accessibility of central systemic veins 
(Fig.  9.15 ), or suggest an alternative pathway to 
the right atrium. The author’s preference is to 
perform simultaneous bilateral injections of dis-
tal peripheral veins in the upper or lower extrem-
ities, as indicated. Imaging should focus on 

  Fig. 9.14    ( a ) A 3-year-old boy with nephrotic syndrome 
and port dysfunction. Medial deviation of contrast indi-
cates a tip thrombus or fi brin sheath. Relative immobility 
of the catheter tip ( arrow ) also suggests catheter adher-
ence to the vessel wall. ( b ) A tip-defl ecting wire placed 

transfemorally was used to strip the catheter tip free from 
the vessel wall. Contrast in this subtracted image now 
shows the stream to be directed straight from the tip, as 
normally expected. This salvage procedure added more 
than 300 days to the life of this catheter       
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  Fig. 9.15    A 5-year-old male with biliary atresia follow-
ing multivisceral transplant. ( a ) Bilateral lower extremity 
venography shows occlusion of both common femoral 
veins with numerous pelvic collaterals reconstituting the 
IVC. ( b ) Simultaneous upper extremity venography 
shows bilateral axillary occlusions with extensive collat-
eralization to the hemizygos/azygos system. ( c ) It shows 
severe narrowing of the proximal jugular vein, right 

 brachiocephalic vein, and distal SVC. ( d ) Dilation of the 
severe stenosis with a 7-mm noncompliant balloon 
( arrow ) was incomplete. ( e ) Completion venography 
showed improved fl ow through the region with little fi ll-
ing of collaterals. ( f ) Catheter retraction post initial place-
ment requiring guide wire placement into the IVC and 
subsequent reinsertion with the use of a longer peel-away 
sheath ( g ,  h )         

central  vessels, from the upper arm to the dia-
phragm for upper extremity venography and 
from the groin to the atrium for lower extremity 
venography. Additional veins can be interrogated 
individually.

   Ultrasound evaluation of the veins can often 
complement contrast venography, using the two 
modalities to piece together an answer on a 
task- oriented basis. If a contrast-enhanced CT 
study of the area of interest is available, it can 
add considerably to understanding the anatomy 

and dissecting a complex array of overlapping 
vessels that characterize the planar images of 
the venogram.  

   Recanalization and Venoplasty 

 In patients with temporary CVA requirements, if 
a venous stenosis or occlusion is present, it is 
usually best to move the catheter to another ves-
sel. In contrast, a more aggressive approach may 
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be warranted in patients who are reliant upon 
long-term venous access. Reutilizing or recanali-
zation of an obstructed vein will maintain easier 
access routes for later in life and could even 
improve life expectancy. For example, absence of 

durable access above the diaphragm may pre-
clude transplantation in some patients. Patients 
with superior vena cava syndrome (Fig.  9.16 ) 
have a signifi cant risk of mortality if nothing is 
done to correct their restricted venous drainage.

Fig. 9.15 (continued)
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   Venous stenosis or occlusion should be 
treated with the least intensive intervention pos-
sible. Guide wire access beyond the occlusion 
is an essential fi rst step. If stiff or hydrophilic 
wires are unsuccessful, an endovascular sheath 
can be used in combination with a directional 
catheter and a stiff hydrophilic wire for micro-
dissection through the occluded region. In some 

situations, an endovascular sheath/dilator com-
bination or even a noncompliant balloon can 
replace the directional catheter (Fig.  9.9 ). If an 
occlusion cannot be crossed, a retrograde “ren-
dezvous” approach (from the opposite side) can 
be attempted. Venous recanalization using 
a needle or radiofrequency wire has been 
described. 

  Fig. 9.16    A 12-year-old boy with nephrotic syndrome pre-
senting with symptomatic SVC syndrome. ( a ) Simultaneous 
bilateral upper extremity venography shows complete 
occlusion of the upper extremity drainage ( white arrows ) 

with collateral fl ow ultimately to the azygos system. ( b – d ) 
Central line insertion ultimately obtained using a combina-
tion of sharp recanalization (trans-septal needle), body-fl oss 
technique (jugular and femoral access), and venoplasty       
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 Augmentation of the recanalized lumen may 
be necessary to insert the desired catheter. Initial 
venoplasty may be performed with low-profi le 
balloons over a 0.018-in. wire or using slightly 
larger caliber balloons over a 0.035-in. wire. In 
children, very high-pressure balloons are almost 
never required. Conventional noncompliant bal-
loons of 8–16 atmospheres burst pressure are 
usually adequate. The fi nal balloon diameter can 
be oversized by 1–2 mm compared to the normal 
diameter of the vein. If more aggressive interven-
tions or larger caliber balloons are planned, it is 
prudent to consult surgical backup in the event of 
venous perforation or rupture.  

   Catheter Removal and Replacement 

   PICC and Tunneled Catheters 

 While non-tunneled catheters are simply removed 
by gentle traction, removal of a cuffed catheter 
requires blunt dissection. When a cuff is very 
deep, a cutdown may be required in order to 
remove the catheter. The explanted catheter 
should be measured to assure that catheter frac-
ture or embolization has not occurred.  

   Ports 

 Indwelling ports are explanted by making an 
incision wide enough to remove the port hub and 
then using a combination of blunt and sharp 
 dissection to clear away the fi brous tissue that 
normally envelops the hub. The sharp tip of a 
towel clamp can be used to grasp one of the 
suture holes in the base of the hub, making it 
much easier to pull the hub free. The wound is 
then closed in the same manner as when the port 
was inserted.  

   Catheter Exchange 

 Exchange over a wire can be performed if the 
insertion site is uncomplicated. A peel-away 

sheath can be inserted over the wire prior to 
insertion of the catheter if desired. 

 When replacing ports or tunneled hemodialy-
sis catheters, it is possible to remove the old cath-
eter over one or even two guide wires (one 
through each lumen) through the original subcu-
taneous tunnel, although it can be problematic 
advancing the new catheter through the venot-
omy site, especially if the tract is sharply angled. 
In some cases a peel-away sheath can be placed 
over the wire(s) in such a manner that the tip of 
the sheath is intravascular when the dilator is 
removed. Again, if the tract is sharply angled, 
this may be diffi cult and uncomfortable for the 
patient, and the angulation may lead to premature 
splitting of the tip of the sheath. 

 If the catheter is replaced over a wire, a con-
trast study can be performed through the existing 
catheter after pulling the catheter back so that it 
remains intravascular. This may show that a fi brin 
sheath remains like a cast of the catheter. 
Replacement with a new catheter may simply slip 
into the old fi brin sheath. If a residual sheath is 
demonstrated, it can be disrupted with infl ation 
of a relatively low-pressure balloon.   

   Documentation and 
Communication 

 After initial consultation with the referring physi-
cian, the interventional radiologist is responsible 
for providing a recommendation based on the 
patient or treatment need. Informed consent and 
treatment undertaken is then documented. It is 
important to communicate any signifi cant devia-
tions from standard technique, adverse events, or 
unexpected fi ndings. 

 If unexpected complications occur during the 
procedure, it is helpful to discuss the fi ndings 
with the referring clinician prior to progressing to 
non-emergent salvage procedures. Emergent sal-
vage procedures should be undertaken without 
delay as in any other circumstance. If further dis-
cussion or informed consent issues require, elec-
tive procedures can be delayed until these 
important details are completed. 
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 Research reporting standards for CVA have 
been established for adults. Pediatric reporting 
standards are under development and should 
soon be available from the Society of 
Interventional Radiology. 

   Appendix: Central Venous Access 
Procedure and Outcome Measures 

 Guidelines are available in the literature for qual-
ity improvement [ 2 ] prevention of catheter- 
related infections [ 3 ] and reporting standards [ 4 ] 
for CVC placement. To improve outcome and 
quality assurance analysis, it may be helpful to 
record the following information for each CVA 
device referral or deployment:
    1.    Demographic information (patient name, 

unique identifi cation number, date and 
time of procedure, age, sex, weight, date of 
birth, etc.)   

   2.    Underlying disease, patient acuity, comorbid 
illness, ASA class, competence of patient, or 
primary caregiver   

   3.    Any contraindicating or complicating factors
    (a)    Coagulopathy   
   (b)    Fever, sepsis, known infection, immuno-

defi ciency, nutritional status   
   (c)    Venous stenosis   
   (d)    Acute thrombosis   
   (e)    Local skin infection       

   4.    Referring    service provider, inpatient or out-
patient status   

   5.    Provider or patient preference for CVC 
device or position   

   6.    Indication(s) for venous access placement or 
replacement, intended function (e.g., dialy-
sis, plasmapheresis, phlebotomy, simultane-
ous delivery of medications that cannot be 
mixed)   

   7.    Anticipated endpoint for venous access   
   8.    Provider responsible for access (interven-

tionalist, surgeon, nurse, etc.)   
   9.    Procedure location (interventional suite, 

operating room, bedside, etc.)   
   10.    Provider responsible for anesthesia/sedation 

(anesthesiologist, nurse, etc.)   

   11.    Preprocedural interventions (e.g., antibiot-
ics, blood products, imaging)   

   12.    Initial access
    (a)    Entry side and site (e.g., basilic vein, 

internal jugular vein, common femoral 
vein)   

   (b)    Method (e.g., visual, fl uoroscopic venog-
raphy, ultrasound)   

   (c)    Device (e.g., angiocatheter, single-wall 
needle)   

   (d)    Number and location of unsuccessful and 
successful attempts   

   (e)    Complications (e.g., arterial puncture, 
pneumothorax)   

   (f)    Reason for deferral, discontinuation, or 
failure, if insertion not completed       

   13.    Access device and position
    (a)    Catheter manufacturer, description, lumen 

number and diameter, fi nal length, com-
position, coating or impregnation, etc.   

   (b)    Implanted, tunneled, or direct? (if tun-
neled, length and exit site)   

   (c)    Cuffed or uncuffed? (if cuffed, material 
and position)   

   (d)    Tip position and catheter function (satis-
factory position? How were position and 
function confi rmed?)   

   (e)    Method of catheter fi xation, wound clo-
sure, and dressing       

   14.    Equipment and supplies used, cost   
   15.    Procedure time, fl uoroscopy time, or esti-

mated radiation dose   
   16.    Type, duration, and adequacy of anesthesia/

sedation/analgesia   
   17.    Procedural complications (e.g., venospasm, 

extravasation) and management   
   18.    Adjunctive therapies required (e.g., papaver-

ine, nitroglycerine, tPA, hot packs)   
   19.    Complications, including

    (a)    Catheter-related infection (include dates)
•    Type (phlebitis, catheter-related sep-

sis, bacteremia, colonization, exit site, 
tunnel or pocket infection, etc.)  

•   Suspected (basis) or proven (method 
and results)  

•   Management (e.g., antibiotics, catheter 
removal, repeat cultures)  
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•   Result of catheter tip and blood cultures  
•   Outcome      

   (b)    Catheter dysfunction (include dates)
•    Type (e.g., phlegmasia, extravasation 

or infi ltration, fracture, fragment 
embolization, etc.)  

•   Management  
•   Outcome      

   (c)    Occlusion, fi brin sheath formation, or 
thrombosis (include dates)
•    Method of diagnosis or 

documentation  
•   Location and extent  
•   Management  
•   Outcome      

   (d)    Dislodgment, migration, or malposition 
(include dates)
•    Method of diagnosis or documentation  
•   Management  
•   Outcome          

   20.    Other catheter-related complications or 
interventions   

   21.    Complications, additional details
    (a)    Major

•    Admission to hospital for therapy  
•   Unplanned increase in level of care  
•   Prolonged hospitalization  
•   Permanent adverse sequelae  
•   Death      

   (b)    Minor
•    No sequelae  
•   Nominal therapy  
•   Short hospital stay (for observation)      

   (c)    Procedurally related (within 24 h of 
insertion)   

   (d)    Early (within 30 days of placement)   
   (e)    Late       

   22.    Removal or replacement (reason and date; 
endpoint achieved?)    

   Chapter Summary 

   Indications 
•   See Table  9.1 

     Contraindications 
•   Active infection  
•   Coagulopathy 

    Preprocedure Workup 
•   Venous access referral  
•   Review history for complication risks 

(Table  9.2 )  
•   Review venous history and applicable imaging  
•   Choose access route and device  
•   Consider CBC, PT/INR, PTT, and electrolytes:

 –    Platelets >50,000 U and INR ≤1.5 for 
CVL/port  

 –   Assess K +  and Ca 2+  in at-risk patients     
•   No scientifi c support for antibiotic prophy-

laxis at this time 

    Equipment 
•   Innumerable catheter choices based on need:

 –    Temporary vs. permanent  
 –   Number of lumens  
 –   Flow rates required  
 –   Specifi c needs: CT compatible, antibiotic 

coated     
•   See Table  9.3  for size ranges.  
•   PICC:

 –    Sizes available that allow IR intervention 
as small as 1.9 Fr single lumen and 2.6 Fr 
double lumen  

 –   3–4 Fr average size for pediatric patients     
•   CVL (tunneled catheters):

 –    Single, double, and triple lumen  
 –   Apheresis/dialysis

 °    6–14 Fr           
•   Ports:

 –    Single, double, CT compatible       

 Procedure Technique
  CVA Insertion 
•   Local, sedation, or GA based on device and 

patient requirements  
•   Position to allow access  
•   Prep and drape skin:

 –    2 % chlorhexidine  
 –   Consider 1 % chlorhexidine or Betadine in 

premature infant     
•   Obtain access:

 –    Ultrasound, occasionally venography     
•   Insert guide wire  
•   Prepare pocket (port), tunnel catheter if required  
•   Place peel-away sheath  
•   Measure catheter:

 –    Surface measurement or wire techniques     
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•   Advance catheter  
•   Assure adequate tip position and function:

 –    Reposition if necessary     
•   Fix, heparinize, and dress catheter   

  Catheter Removal/Replacement 
•   Blunt dissection for cuffed catheters:

 –    Cutdown may be required if very deep  
 –   Measure catheter     

•   Sharp and blunt dissection for port removal  
•   Can often be exchanged over a wire:

 –    May require dilation at venotomy site  
 –   Consider balloon disruption of fi brin 

sheath      

  Recanalization 
•   Wire, sheath, needle, or RF wire could be used 

to cross occlusion:
 –    Use least-invasive method possible     

•   Noncompliant usually adequate:
 –    Can oversize balloon by 1–2 mm  
 –   High-pressure balloons not often required     

•   Consider surgical backup and have stents 
available for higher-risk procedures   

  Postprocedure Care 
•   No specifi c requirements  
•   Consider analgesia for CVLs/ports   

  Complications 
•   Procedural:

 –    Air embolism  
 –   Pneumothorax  
 –   Arterial puncture  
 –   Catheter perforation/cardiac tamponade 

(early or late)     

•   Mechanical:
 –    Device dysfunction

 °    Catheter “kink”  

 °   Tip malposition  

 °   Disconnection/catheter breakage     
 –   Wound dehiscence  
 –   Tissue swelling     

•   Infectious   

  Follow-Up 
•   None specifi c          
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          Introduction 

 Varicocele is an abnormal dilatation of the 
pampiniform plexus. The incidence in the 
general population is between 15 and 17 %. In 
young boys, below 10 years of age, the incidence 
is approximately 1 % and in late adolescence 
increases to 15 % [ 1 ]. Ninety percent of varico-
celes are unilateral and on the left side. Ten 
percent are bilateral. Isolated right-sided varico-
celes are reported in only 0.4 %. The diagnosis of 
an isolated right- sided varicocele necessitates 
further investigation to rule out retroperitoneal 
and abdominal tumors.  

   Causes 

 Varicoceles occur for a number of reasons:
    1.    Compression of the left renal vein between the 

aorta and superior mesenteric artery creating renal 
vein hypertension (nutcracker phenomenon).   

   2.    Modifi cation and remodeling of the venous 
system during the embryonic stage.   

   3.    Absence of valves in the gonadal vein with 
progressive functional impairment (contro-
versial cause because it was demonstrated at 
autopsy in men without varicocele).   

   4.    Right angle entry of the left spermatic vein within 
the high-pressure system left renal vein [ 2 ].      

   Infertility 

 Varicocele is the most frequent cause of male 
infertility. The thermal effects of stagnant venous 
blood and refl ux of adrenal metabolites and 
prostaglandins cause testicular alterations that 
result in sperm dysfunction. The diminished 
semen quality is a result of lower semen density 
with less mobility and abnormal form. 

 Barwell et al. [ 3 ] fi rst demonstrated varicocele- 
related infertility and estimated the rate to be 
between 9 and 15 %. However, controversy 
remains regarding the relationship between vari-
cocele and infertility. While varicocele is seen in 
approximately 40 % of males seeking evaluation 
for infertility, 85 % of men with varicoceles are 
fertile [ 1 ,  4 – 6 ]. Still, signifi cant evidence in the 
literature supports the hypothesis that varicocele 
has a signifi cant negative effect on the testis and 
fertility and that varicocele repair can reverse or 
prevent this effect [ 7 – 10 ]. 

 The treatment of varicoceles associated with 
sperm parameter alterations in adulthood may 
result in normal fertility in only half of patients 
[ 11 ,  12 ].  
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   Diagnosis 

 The patients are referred to the imaging depart-
ment mostly for scrotal pain or discomfort. The 
diagnosis is made by physical examination. 
Dubin and Amelar [ 13 ] described a grading system 
for the clinical diagnosis of varicocele:
    Grade 0  = not palpable  
   Grade 1  = palpable only with the patient standing 

and performing a Valsalva maneuver  
   Grade 2  = a moderate varicocele palpable without 

Valsalva  
   Grade 3  = a large varicocele that is visible without 

the need for palpation    
 To confi rm the diagnosis, an abdominal 

ultrasound will rule out renal or abdominal 
pathology, and high-resolution, real-time ultra-
sound with color Doppler fl ow is used to assess 
the testicles. Ultrasonography can determine the 
testes volume and detect subclinical varico-
celes. The grading system for Doppler ultraso-
nography is:
    Grade 1  = the absence of varicose veins but 

venous refl ux with Valsalva  
   Grade 2  = the presence of varicose veins >3 mm 

in diameter with the presence of venous refl ux 
during a Valsalva maneuver  

   Grade 3  = the presence of varicose veins >3 mm 
with the presence of venous refl ux without 
Valsalva maneuver     

   Anatomy 

 The left internal spermatic vein (ISV) joins the left 
renal vein. At the level of the femoral head, the 
ISV divides in multiple venous channels called the 
pampiniform plexus, draining the venous blood 
from the testicle. The right ISV joins directly into 
the inferior vena cava (IVC) on the anterolateral 
wall just below the right renal vein. 

 Variations of the classic pattern have to be 
recognized. On the right, the ISV can drain in the 
right renal vein in 8 % and by multiple terminat-
ing veins in the IVC and the renal vein in 16 %. 
On the left side, multiple terminating veins in the 
left renal vein can be seen in 20 % of cases. 
Rarely, one of multiple branches may terminate 
in the infrarenal IVC [ 14 ,  15 ]. 

 Multiple collateral communications exist 
between the retroperitoneal, peritoneal, adrenal, 
and portal veins. Cross-communication between 
the left and right ISVs at the level of L3 can be 
seen. The prevalence of the circumaortic left 
renal vein is 8.7 % and the retroaortic left renal 
vein 2.1 % [ 16 ]. The prevalence of left inferior 
vena cava is 0.2–0.5 % and double inferior vena 
cava is 0.2–3 % [ 16 ]. 

   Bähren Classifi cation (Fig.  10.1 ) 

    Bähren et al. [ 17 ] developed the following 
 anatomic classifi cation system:
 –     Type 0  = no evidence of venous refl ux on 

venography  
 –    Type I  = refl ux into a single gonadal vein with-

out duplication (Fig.  10.2 )
 –       Type II  = refl ux into a single gonadal vein that 

communicates with accessory gonadal, lumbar, 
and/or iliac veins, or the vena cava (Fig.  10.3 )

 –       Type III  = refl ux into a gonadal vein duplicated 
caudally, coalescing into a single trunk at the 
renal vein junction (Fig.  10.4 )

 –       Type IV  = competent valves at the renal/
gonadal junction but refl ux into a renal hilar 
and capsular collateral vessel that communi-
cates with the gonadal vein (Fig.  10.5 )

 –       Type V  = refl ux into a gonadal vein that drains 
into a circumaortic renal vein (Fig.  10.6 ) [ 18 ]
      In our series of 93 pediatric varicoceles, we 

encountered 54 % type 1, 10 % type II, 17 % type 
III, 14 % type IV, and 5 % type V [ 19 ].   

   Indications for Treatment 

 The main indications for varicocele treatment in 
adolescents are pain, discomfort, testicular atro-
phy, and recurrence after surgical ligation. The 
timing of treatment is controversial in the litera-
ture. The Best Practice Policy Committee of the 
American Urological Association and the 
Practice Committee of the American Society for 
Reproductive Medicine recommend that adoles-
cents and young men with a varicocele but a 
normal- size ipsilateral testicle or normal semen 
analysis, or both, should be offered annual 
 follow- up monitoring [ 20 ].  
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  Fig. 10.1    Bähren classifi cation. ( a ) Type 0 (normal), no 
venous refl ux. ( b ) Type I, single gonadal vein without 
duplication. ( c ) Type II, single gonadal vein with acces-
sory veins (gonadal, lumbar, iliac veins, IVC). ( d ) Type 

III, duplicated gonadal vein with a single trunk. ( e ) Type 
IV, competent renal/gonadal junction with refl ux to col-
lateral vessel(s). ( f ) Type V, gonadal vein that drains into 
a circumaortic renal vein       

  Fig. 10.2    A 12-year-old boy with left varicocele. Type I 
was demonstrated with a single gonadal vein       

   Equipment: Occluding Agents 

 Many agents have been used to occlude the ISV. 
The most frequently used agents are Sotradecol 
(STS), foam, and coils [ 2 ]. Some authors also 
reported varicocele treatment with glue, detach-
able balloons, particles, and hot contrast material 
[ 2 ,  12 ,  14 ,  16 ,  21 ]. Selected embolic materials are 
described below. 

   Sotradecol 

    1 % or 3 % sodium tetradecyl sulfate creates an 
endothelial surface damage-induced infl ammatory 
reaction. STS has a low risk of extravasation, 
systemic dispersion, and adverse reactions.  
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  Fig. 10.3    A 14-year-old boy with left-sided varicocele. 
( a ) Selective catheterization of the left renal vein shows 
the anastomosis of the internal spermatic vein (ISV) with 

the left renal vein. ( b ) ISV catheterization shows multiple 
collaterals with lumbar veins (type II)       

  Fig. 10.4    A 13-year-old boy with type III varicocele 
with duplicated veins coalescing into a single trunk       

  Fig. 10.5    A 14-year-old boy with renal hilar collateral 
vessels (type IV)       

   STS Foam 

 STS foam is a mixture of 2 mL STS, 1 mL Lipiodol, 
and 3 mL of air. It improves the distribution of the 
sclerosing agent and its contact with the endothelial 
wall. Gandini uses two 10 mL Luer-Lock syringes 
containing 1 mL of 3 % STS and 4 mL air 
connected through a three-way stopcock that is 
vigorously mixed to form the foam prior to injection.  
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   Coils 

 Some authors have reported good results with 
coils alone. However, early recurrence will take 
place with the endogenous lysis of the thrombus. 
We suggest the use of coils in association with a 
sclerosing agent. Also, late recurrence is fre-
quently related to coil erosion. In Shlansky- 
Goldberg et al.’s study, the technical failure was 
12 % and recurrence 4 % with coils in 173 
varicoceles [ 22 ].  

   Glue ( n -Butyl Cyanoacrylate) 

 Glue ( n -butyl cyanoacrylate) is a tissue adhesive 
agent. This agent is permanent; however, recanali-
zation can be observed. Sze et al. reported no 
recurrence in 17 patients who had undergone 
embolization for postsurgical recurrence [ 18 ].  

   Absolute Ethanol 

 Absolute ethanol is a permanent agent that 
induces thrombosis by denaturing blood proteins, 
dehydrating vascular endothelial cells, and 
precipitating their protoplasm; the agent denudes 
the vascular wall.   

   Treatment 

   Surgery 

 Surgery is performed by high retroperitoneal or 
transinguinal ligation of the ISV. The problem is 
the high frequency of venous collaterals, with 
either recurrence or persistence of the varicocele. 
Surgical recurrence rate or persistence of venous 
refl ux in the pampiniform plexus ranges between 
0 and 28 % [ 22 ]. Following a laparoscopic 
approach, the recurrence rate reported is 7–9 % 
[ 20 ], and for microsurgical technique, the recur-
rence rate is 0–3 % of cases [ 23 ,  24 ].  

   Percutaneous Embolization 
of Varicocele 

 Patients are treated on an outpatient basis under 
sedation or general anesthesia. See Chap.   3     for 
sedation information. Intraprocedural monitoring 
includes heart rate, blood pressure, and pulse 
oximetry. 

 When performing varicocele embolization, 
careful collimation, pulsed fl uoroscopic acquisi-
tion, and appropriate gonadal shielding are impor-
tant to minimize the patient dose. Videocapture is 
used rather than exposures. 

 Traditional technique involves the use of a scle-
rosing agent in the lower ISV and placement of coils 
in the proximal portion. Sandwich technique was 
described by Goffette et al. (Fig.  10.7 ) [ 25 ]. Distal 
occlusion is performed with a nest of coils just above 
the pubic ramus. Thereafter, sclerosing agent is 
injected to reach all potential collaterals. Finally, coil 
occlusion is performed proximally. This approach 
avoids the refl ux of the sclerosing agent to the scro-
tum and prevents phlebitis of the pampiniform 
plexus. Success rate of this technique is 91 % and 
lack of recurrence is reported in 73 % of cases. 
Mazzoni et al. [ 21 ] reported no recurrence in 79.4 % 
and Feneley et al. in 81 % [ 26 ].

   Access is usually performed through the fem-
oral veins, although, when accessing the right 
ISV, a jugular or antecubital puncture may be 
helpful. Infi ltration of the right groin with 1 % 
lidocaine without epinephrine (max: 5 mg/kg) is 

  Fig. 10.6    A 15-year-old boy with a circumaortic renal 
vein (type V)       
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performed at the site of the puncture. Under 
ultrasonography, the puncture of the right com-
mon femoral vein is performed with an 18G nee-
dle followed by placement of a long or short 7 Fr 
vascular sheath depending on operator prefer-
ence. A 4 Fr catheter such as a C2 or C3 cobra is 
used to selectively catheterize the left renal vein 
and then the orifi ce of the left ISV. In problematic 
cases, a 4 Fr hydrophilic catheter or a microcath-
eter may be helpful. The ISV is injected with 
10–15 mL of contrast material with Valsalva 
maneuver when possible. When the ISV is 
incompetent, the catheter is advanced to the 
distal ISV just above the pubic symphysis. 
Retrograde phlebography is performed in order 
to identify the presence of any collaterals. 
Embolization (with coils) is started below the ori-
gin of the lowest collateral, usually between the 
level of the acetabulum and the lower half of the 
sacroiliac joint, assuring complete thrombosis of 
the ISV while carefully avoiding coiling within 
the inguinal canal and distal embolization of 

coils/sclerosant into the pampiniform plexus. 
At our institution, we then inject 3–6 mL of plain 
or foamed 3 % sodium tetradecyl sulfate selec-
tively into the gonadal vein. A few minutes later, 
some authors advocate gentle injection of contrast 
medium for the evaluation of the occlusion of the 
gonadal vein. In our opinion, delayed opacifi -
cation is not necessary in most instances. The 
occlusion is then completed with proximal inser-
tion of coils or a vascular occlusion plug.   

   Postprocedural and Follow-up Care 

 The sheath and catheter are removed and manual 
inguinal compression is applied to control hemo-
stasis. Postprocedure bed rest is recommended 
for 4 h. The patient is discharged 6 h postproce-
dure. The patient is advised to limit their activity 
for 2 days. Any heavy lifting and sports should be 
avoided for 2 weeks. Pain is controlled with anti- 
infl ammatory drugs if necessary. No antibiotic is 
needed. The assessment of results is based upon 
the follow-up clinical examinations and Doppler 
ultrasonography at 3 and 12 months.  

   Complications 

 The complications related to percutaneous vari-
cocele sclerosing treatment are uncommon. 

 Fever, nausea, groin hematoma, reaction to 
contrast material, and femoral vein thrombosis 
(<1 %) are seen in less than 5 % of cases [ 2 ,  27 ]. 
Thrombosis of the pampiniform plexus can occur 
in 1–4 %. The symptoms are signifi cant pain, 
swelling, or both. It is treated with anti- 
infl ammatory medication and antibiotics.  

   Outcomes 

 Technical success rates range from 90 to 97 % 
with all agents described. The recurrence rate is 
between 4 and 27 % [ 2 ,  27 ]. Technical failure 
occurs in 1–12 % [ 19 ,  22 ,  28 ]. Recurrences are 
related to dilation of collaterals not seen at the 
time of the procedure. Recurrence after surgical 
failure is more easily managed with percutaneous 
sclerotherapy treatment. 

  Fig. 10.7    Sandwich technique: distal occlusion is per-
formed with coils (stainless steel: 25–5 mm –5 cm   ) just 
above the pubic ramus. Sclerosing agent (5 cc of 
Sotradecol) is injected. Finally, proximal coils (stainless 
steel: 25–5 mm –5 cm) occlusion is performed       
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 In our series of pediatric patients, technical 
failure was more frequent with types II, IV, and V, 
respectively (22 %, 15 %, and 60 %) [ 19 ]. No 
technical failure was seen with types I and III. We 
did not assess the semen parameters. However, 
some adult studies report improvement of semen 
parameters in 27–78 % of patients after embolo-
therapy, comparable with the surgical correction.  

   Conclusion 

 Anatomic variants of the ISV are frequent in chil-
dren. Types II, IV, and V represent a technical chal-
lenge. Transcatheter embolization of varicocele is a 
feasible, safe, quick, and cost-effective procedure 
with minimal morbidity in children. The preventive 
value of the treatment of varicocele in this age group 
remains an issue because there is no consensus 
about the endpoints of intervention. 

  Chapter Summary 

   General/Background Information 
•   Abnormal dilatation of pampiniform plexus  
•   90 % left side, 10 % bilateral, 0.4 % right side  
•   Isolated right varicoceles require investigation 

for cause  
•   Most frequent cause of male fertility   

  Indications/Contraindications 
•   Pain, discomfort, testicular atrophy, recur-

rence postsurgery  
•   No contraindications   

  Preprocedure Work-up 
•   Ultrasound  
•   Blood work, antibiotic prophylaxis not 

required   

  Equipment 
•   7 Fr vascular sheath—long or short  
•   Angiographic catheter

 –    C2 or C3 cobra  
 –   4 Fr hydrophilic catheter  
 –   Microcatheter     

•   Contrast  
•   Sclerosing agent

 –    Sodium tetradecyl sulfate—plain or foam  

 –   Glue  
 –   Ethanol  
 –   Boiling contrast     

•   Coils/vascular plug   

  Procedure Technique 
•   GA or sedate  
•   Right femoral access for left varicocele  
•   Consider jugular/brachial access for right 

varicocele  
•   Defi ne anatomy  
•   Embolize

 –    Traditional technique: embolization, coils  
 –   Sandwich technique: coils, embolization, 

coil      

  Pearls 
•   Vein access: right antecubital vein and jugular 

vein approach aid in cannulation of a right-sided 
varicocele. Femoral access is the authors’ fi rst 
choice for treatment of left-sided varicoceles.  

•   Valsalva maneuver is useful to facilitate cath-
eterization and allows an optimal distribution 
of the sclerosing agent through the gonadal 
vein avoiding proximal migration.  

•   To improve opacifi cation of the gonadal veins, 
the spermatic cord can be compressed between 
the thumb and index fi nger with the ipsilateral 
hand during Valsalva maneuver at the time of 
contrast injection according to Gandini [ 2 ].  

•   Failure can occur due to the presence of 
unopacifi ed collateral vessels (e.g., internal 
iliac supply).   

  Postprocedure Care 
•   Bed rest × 4 h  
•   Limit activity 2 days  
•   No contact sports 2 weeks  
•   Anti-infl ammatory medications for symptom-

atic relief   

  Complications 
•   Pampiniform plexus thrombosis  
•   Fever  
•   Nausea  
•   Hematoma   

  Follow-up 
•   Ultrasound at 3 and 12 months  
•   Sperm count         
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          Background 

 Deep venous thrombosis (DVT) is a signifi cant 
cause of morbidity and mortality in North 
America. The incidence of DVT is estimated to 
be 0.07–0.14/10,000 children [ 1 ,  2 ] and 5.3/10,000 
admissions. However, due to the increased com-
plexity of medical conditions in children and the 
advent of new therapies, this incidence may be 
underestimated. In a recent multicenter retrospec-
tive review in the United States (2001–2007), it 
was noted that the number of pediatric admissions 
due to DVT increased by 70 % during the 7-year 
study period [ 3 ]. Pulmonary embolism (PE) is the 
most feared complication related to DVT. It 
occurs rarely in children with an incidence of 
0.014–0.09/10,000 children [ 2 ] and 0.86–5.7/ 
10,000 hospital admissions [ 1 ,  4 ]. 

 The standard therapy for DVT is anticoagula-
tion [ 5 ]. Vena cava fi lters are not recommended for 
systematic use. However, there are cases when 
children are at an increased risk of PE, and prophy-
laxis with anticoagulants have failed or might be 
contraindicated and undesirable. Anticoagulation 
carries a 3.75 % risk of acute major bleeding com-
plication after 10 days of use and 10.3 % risk of 
late major bleeding after 2 years of use in adults [ 6 ,  7 ]. 
In children, the risk of major bleed related to anti-
coagulation for PE may reach up to 21.8 % as pre-
viously reported [ 4 ]. In such cases, a possible 
alternative is the placement of a vena cava fi lter to 
reduce the chance of a life-threatening PE. Vena 
cava fi lters are not intended to prevent formation 
of new clot or to promote lysis of existing clot. 

 The idea of caval fi ltration/PE prevention is 
not new. In 1874 John Hunter described femoral 
vein ligation [ 8 ] and in 1944 Homans suggested 
inferior vena cava (IVC) ligation to prevent recur-
rent PE [ 9 ]. Although effective, the side effects of 
these procedures (chronic venous stasis) were 
signifi cant. In 1967, an umbrella fi lter (Mobin-
Uddin) was developed, but the rate of vena cava 
thrombosis was still high (60 %) [ 10 ]. In 1973, 
Greenfi eld developed the fi rst permanent stain-
less steel fi lter [ 11 ]. Since then, fi lter technology 
has signifi cantly evolved and new retrievable fi l-
ters are now available in the market. 

 The only randomized trial comparing antico-
agulation alone vs. anticoagulation and vena cava 
fi lter in adults showed a lower rate of PE on the 
fi lter group vs. the anticoagulation alone at 2 
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years’ (3.4 % vs. 6.3 %) and at 8 years’ follow-up 
(6.2 % vs. 15.1 %). However, the incidence of 
long-term DVT was higher in the fi lter group at 
2 years’ (20.8 % vs. 11.6 %) and at 8 years’ 
(35.7 % vs. 27.5 %) follow-up [ 6 ,  7 ].  

   Indications 

 According to the Guidelines for the use of 
Retrievable or Convertible Vena Cava Filters 
from the Society for Interventional Radiology 
[ 12 ], some indications include:
    1.    Absolute

    (a)    Recurrent venous thromboembolism 
(VTE) despite adequate anticoagulation   

   (b)    Documented DVT with a contraindication 
to anticoagulation
•    Head trauma  
•   Intracranial hemorrhage, hemorrhagic 

stroke  
•   Brain tumors  
•   Severe bleeding diathesis  
•   Acute or active internal hemorrhage 

(e.g., gastrointestinal bleeding)  
•   Recent major surgery      

   (c)    Inability to achieve/maintain therapeutic 
anticoagulation   

   (d)    Complication of anticoagulation
•    Retroperitoneal bleed  
•   Intracranial hemorrhage          

   2.    Relative
    (a)    Iliocaval DVT   
   (b)    Large, free-fl oating thrombus; large resid-

ual thrombus   
   (c)    Thrombolysis or mechanical thrombec-

tomy of DVT with risk of PE   
   (d)    DVT or PE in patient with limited cardio-

pulmonary reserve   
   (e)    Poor patient compliance with anticoagulants   
   (f)    High risk of complication with 

anticoagulation       
   3.    Prophylaxis

    (a)    Major surgery in patient with high risk of 
postoperative DVT or PE   

   (b)    Trauma in patient with high risk of DVT 
or PE   

   (c)    Medical condition with high risk of VTE 
(e.g., Klippel-Trenaunay patient during 
sclerotherapy)        

     Contraindications 

 Some of the contraindications for vena cava fi lter 
insertion include [ 12 ]:
    1.    Absolute

    (a)    Occlusion (total thrombosis) or the 
absence of vena cava   

   (b)    Lack of venous access (occlusion of jugu-
lar, subclavian, and femoral veins)   

   (c)    Infection at access site       
   2.    Relative

    (a)    Maximum diameter of vena cava (2.8 cm 
for some devices)   

   (b)    Minimum diameter of vena cava (1 cm) [ 13 ]        

    Filter Types 

 Multiple vena cava fi lters are available in the 
market (Table  11.1 ). These fi lters are not designed 
specifi cally for children. Therefore, pediatric 
interventional radiologists have to adapt and use 
vena cava fi lters available for adults. Besides the 
indication and expected length of use, fi lter diam-
eter and fi lter length (pre- and post-deployment) 
are important elements to consider when choos-
ing the device for caval fi ltration. Some fi lters 
will not open or work properly if they are not 
fully deployed. Vena cava diameter and infrare-
nal length of IVC are also important parameters 
to assess before and during vena cava fi lter inser-
tion. In some cases, suprarenal deployment will 
be the only alternative.

   Vena cava fi lters are classifi ed as temporary, 
optional/retrievable/recoverable, or permanent:
•    Temporary fi lters: these are fi lters that must be 

removed or repositioned after a certain time. 
They are usually tethered devices with a seg-
ment (catheter/wire) exiting through the skin 
at the insertion site.  

•   Optional or retrievable/recoverable fi lters: 
these are permanent fi lters with the option to 
be removed if caval fi ltration is no longer 
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needed up to a predetermined time limit. They 
are excellent devices for prophylaxis (duration 
of PE risk is short) or as a bridge to anticoagu-
lation. They are the preferred  fi lters in chil-
dren as there is an option to remove the fi lter 
and avoid a permanent device in a child with 
long life expectancy. They can also be left as a 
permanent device if the clinical status of the 
patient requires or if large thrombus burden is 
trapped in the fi lter.  

•   Permanent fi lters: these devices should not be 
removed or repositioned.      

   Pre-procedure Assessment 

  d -dimer levels help to detect recent thrombus for-
mation or prothrombotic states. Patients with an 
elevated  d -dimer [ d -dimer normal levels 
<0.51 μg/mL FEU (fi brinogen equivalent unit)] 
and clinical signs/symptoms suggestive of DVT 
have a high probability of venous thromboem-
bolic events. These patients should be further 
investigated with imaging. 

 Ultrasound is the best imaging modality to 
assess the venous system and to determine the 
extent of thrombosis. Compressibility on ultra-
sound of deep veins on the lower limbs (common 
femoral veins, superfi cial femoral veins, or 
 popliteal veins), upper limbs, and neck (jugular 
veins) is considered the gold standard exam to 
detect DVT. Other sonographic signs include 
lack of augmentation in the vessel lumen, lack of 
respiratory variability, or absent fl ow on pulsed 
and color Doppler. 

 The anatomy and patency of the IVC are con-
fi rmed with US, CT, or MRI. Vena cava anatomy 
and size is further evaluated during the procedure 
with a venogram. 

 Computed tomography angiography (CTA) of 
the chest/pulmonary arteries is required in cases 
of PE suspicion. 

 If a decision is made to insert a vena cava fi l-
ter, the rationale to insert a vena cava fi lter in a 
child is slightly different from an adult (Fig.  11.1 ). 
Children have a long life expectancy and the 
 indication for fi lter insertion generally is not 

 permanent. Therefore, retrievable/recoverable or 
optional fi lters are preferred.

      Insertion Technique 

 Percutaneous approach is preferred as new lower 
profi le delivery systems are available.
    1.    Obtain informed consent including potential 

risks [ 14 ] of:
    (a)    Recurrent PE (3–5 %)   
   (b)    Complete occlusion of vena cava (5 %)   
   (c)    Filter migration, fracture, malposition, 

vena cava perforation (1 %)   
   (d)    Development of (new) symptomatic DVT 

if prophylactic fi lter is placed (3–20 %) [ 7 ]    
      2.    Local anesthesia/sedation or general anesthe-

sia according to the patient age.   
   3.    Sterile technique.   
   4.    Venous access: the vast majority of fi lters have 

a jugular or femoral delivery system. The most 
commonly used access sites are the right femo-
ral vein and the right jugular vein. Alternative 
accesses such as the basilic vein, subclavian 
vein, and external jugular vein may be used in 
some patients. Access is obtained under real-
time US guidance to reduce procedure length 
and potential complications such as arterial 
puncture [ 11 ] or arteriovenous fi stula creation.   

   5.    Place a ruler on the angiographic table parallel 
to the IVC to determine the IVC diameter and 
to help mark the location of the renal veins. 
Alternatively, modern angiography equipment 
may isocenter the patient and estimate the size 
of objects quite accurately. Measurements from 
pre-procedure noninvasive imaging methods 
(US, CT, or MRI) may also be used. Measuring 
the IVC is critical in children.   

   6.    Perform A cavogram using a catheter (such as 
a pigtail catheter) positioned at the confl uence 
of the common iliac veins (jugular or femoral 
approach) or through an angiocatheter placed 
in the non-involved femoral vein. Contrast 
volume injected depends on patient age/size. 
In general, 10–20 mL of contrast is needed to 
opacify the IVC. The maximum volume of 
contrast should not exceed 6–8 mL/kg [ 15 ]. 
Diluted nonionic iodinate contrast (50 %) can 
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be used to minimize contrast  exposure. Digital 
subtraction angiography (DSA) with sus-
pended respiration, fi lming at 2–6 frames/s, is 
ideal (Fig.  11.2a ).
     (a)    The cavogram defi nes the vena cava anat-

omy, its patency and its size. Absent IVC 

with  azygos continuation occurs in 0.15 % 
of patients [ 16 ]. Drainage occurs through 
the azygos venous system precluding IVC 
fi lter placement. Megacava (IVC with a 
diameter >28 mm) is found in 1 % of 
patients and may be a contraindication for 

  Fig. 11.1    Rationale algorithm to insert a vena cava fi lter in a child       
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some fi lters due to the potential risks of 
 fi lter migration.   

   (b)    The cavogram also determines the  position 
of the renal veins, seen as a faint non-
opacifi ed infl ow of blood in the pool of 
contrast in the IVC or by refl ux of 
 contrast into their orifi ces. Alternatively, 
the renal veins may be selectively cath-
eterized with a guidewire to determine 
their locations.   

   (c)    The cavogram detects possible thrombus 
in the IVC, assisting on the location to 
place the IVC fi lter (always above the 
thrombus).    

      7.    Insert a stiff guidewire in the IVC, and 
advance a guiding/delivery sheath over the 
wire to the position where the fi lter will be 
deployed. The ruler and anatomical land-
marks help determine the proper position. 
Serial dilation of the venous entry point may 
be necessary to allow insertion of large guid-
ing/delivery sheaths.   

   8.    Remove the guidewire (unless you are using 
an over the wire fi lter), check the correct 

 orientation of the fi lter, and advance the fi lter 
to the end of the delivery sheath (Fig.  11.2b ).   

   9.    Recheck fi lter position.
    (a)    The majority of fi lters are placed in an 

infrarenal position (1 cm below the renal 
veins) to reduce the risk of renal vein 
thrombosis and fi lter migration (higher in 
suprarenal  fi lters—27.5 % vs. 3 %) [ 17 ]. 
These may be challenging in small chil-
dren where the infrarenal portion of the 
IVC is shorter than the fi lter length and in 
patients with scoliosis due to acute angula-
tion of IVC (Fig.  11.3 ). Filter arms or legs 
should not be placed at the level of the 
renal veins due to the risks of fi lter dis-
lodgement, fi lter tilting, fi lter fracture, and 
renal vein thrombosis.

       (b)    Suprarenal fi lters are reserved for situa-
tions where the thrombus originates from 
the renal veins, the thrombus extends 
above an indwelling vena cava fi lter, or 
the infrarenal IVC is too short (some chil-
dren) and cannot accommodate the vena 
cava fi lter.   

  Fig. 11.2    Vena cava fi lter insertion technique (femoral 
approach): ( a ) Cavogram through the right common fem-
oral vein delineating the inferior vena cava (IVC), its con-
tours and diameter, the position of the renal veins ( arrows ), 
and the absence of clot in the lumen. ( b ) Introducer sheath 
with marker ( arrow ) positioned at the level that the hook 

of the fi lter (seen inside the sheath) will be deployed. 
( c ) Introducer sheath pulled back exposing fi lter. ( d ) Vena 
cava fi lter released and deployed in the IVC. ( e ) Venogram 
to confi rm position of the fi lter, clearance from the renal 
veins’ ostium, and patency of IVC       
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   (c)    The most common anatomical variant is 
a circumaortic renal vein present in 
4–5.5 % of patients [ 18 ]. The fi lter should 
be placed below the circumaortic left 
renal vein to prevent inadvertent clot 
bypassing the fi lter through the circum-
aortic left renal vein and main renal vein.   

   (d)    Persistent left IVC occurs in 2 % of 
patients [ 19 ] and presents either as a sin-
gle left IVC (1 %) or as duplicated IVCs 
(1 %). Typically the left IVC drains into 
the left renal vein. A suprarenal fi lter or 
two IVC fi lters should be inserted to pro-
tect the patient.       

   10.    Deploy the fi lter (follow the manufacturer’s 
recommendation) withdrawing the delivery 
sheath (Fig.  11.2 ) and allowing the fi lter to 
expand in the IVC (majority of fi lters) 
(Fig.  11.2d ).   

   11.    Pull back the delivery sheath into distal IVC 
and repeat the cavogram. Check the position 

of the fi lter and its orientation/degree of 
 tilting (Fig.  11.2e ).     

 Cava fi lter delivery through a jugular approach 
is slightly different as shown in Fig.  11.4 .

      Troubleshooting Insertion 
Procedural Problems 

     1.    Filter is not deployed properly (legs do not 
open or fi lter is tilted): usually it has no conse-
quences and no action is required. If signifi -
cant asymmetry or tilting, consider retrieval 
and redeployment of the fi lter.   

   2.    Filter completely in the wrong location: retrieve 
and redeploy fi lter through a jugular approach 
(for IVC fi lters) or deliver another fi lter above it.   

   3.    Sheath kinks during fi lter delivery: advance 
sheath and fi lter as a unit and then try to 
advance fi lter; if no success, remove fi lter and 
exchange sheath [ 20 ].      

  Fig. 11.3    Digital subtraction venography shows tortuous course of IVC due to severe scoliosis requiring partial place-
ment of Trapease fi lter ( red arrow ) at the level of renal veins ( white arrows )       
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   Special Considerations 

•     SVC fi lters lead to a higher major complica-
tion rate in comparison to IVC fi lters (3.8 % 
vs. 0.3 %). Its use is controversial as the real 
rate of PE related to upper limb DVT is not 
known [ 21 ].  

•   SVC fi lters utilize the same fi lter systems as 
IVC except that through jugular approach, the 
femoral delivery system should be used to 
avoid an upside-down fi lter.  

•   Duplicate SVC occurs in less than 1 % of 
patients and the left SVC generally drains into 
the coronary sinus. If needed, two SVC fi lters 
have to be placed.  

•   Transabdominal ultrasound alone has been 
used to guide IVC fi lter placement outside the 
angiography suite, but visualization of the 
IVC and renal veins is limited and post- 
deployment fi lter confi guration cannot be 
determined [ 14 ].     

   Indications to Retrieve a Vena 
Cava Filter 

     1.    The indication for caval fi ltration no longer 
exists.   

   2.    The risk of signifi cant or life-threatening PE is 
acceptably low (e.g., effective anticoagula-
tion; post-prophylactic use—surgery, trauma).     

   Retrieval Technique 

 IVC fi lters can be retrieved by the commercially 
available retrieval kits (Cook, Bloomington IN; 
Bard Peripheral Vascular, Tempe, AZ) or by a com-
bination of gooseneck snare and 6/11 Fr sheath [ 13 ].
    1.    Obtain venous access with ultrasound guid-

ance (IJV or femoral vein depending on type 
of fi lter).   

   2.    Place a 5 Fr vascular sheath. Use a 5 Fr cath-
eter (like a JB 1) with a wire (0.035 angled 

  Fig. 11.4    Vena cava fi lter insertion technique (jugular 
approach): ( a ) Introducer sheath with marker ( arrow ) 
positioned at the level that the legs of the fi lter (seen inside 
the sheath) will be deployed. ( b ) Introducer sheath pulled 

back deploying fi lter’s legs in the IVC. ( c ) Filter hook still 
connected to the delivery system ( arrow ). ( d ) Filter 
released ( arrow ) in the IVC       
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glide wire/straight Benson wire) to navigate 
distal to the fi lter.   

   3.    Exchange directional catheter for a 5 Fr pig-
tail catheter. Perform pre-retrieval cavogram 
(Fig.  11.5a ).

       4.    Assess for fi lter thrombus, hook and fi lter leg 
position, and any variations from placement 
venogram.   

   5.    If more than 25 % of the fi lter has thrombus, 
reschedule fi lter retrieval after a month of 
anticoagulation therapy. If less than 25 % 
thrombus burden, the fi lter may be retrieved.   

   6.    Exchange the sheath and the pigtail catheter 
for a snare and sheath combination or cone 
retrieval system (Bard Peripheral Vascular, 
Tempe, AZ). The wire is removed and the 
loop of the snare is utilized to snare the hook 
of the fi lter (Fig.  11.5b ). A cone (Bard 

Peripheral Vascular, Tempe, AZ) can be used 
to grab the hook of the fi lter.   

   7.    Once the snare/cone is snug, the sheath is 
slowly advanced (Fig.  11.5c ) over the snare/
cone to capture the fi lter within the sheath 
(Fig.  11.5d ).   

   8.    Remove fi lter or fi lter/sheath combination.    
   9.    Perform a post procedure cavogram if removal 

is diffi cult.
 –    With a Cook (Bloomington, IN) fi lter 
retrieval kit, three sheaths are present. 
The innermost sheath is a non-radi-
opaque black sheath which fi xes the 
snare loop to the hook. The middle radi-
opaque sheath is primarily used to 
retrieve the fi lter. The outer blue sheath 
can be left in place after fi lter retrieval 
for post-retrieval cavogram.  

  Fig. 11.5    Vena cava fi lter removal technique (jugular 
approach): ( a ) Venogram to confi rm the absence of large 
clots in the IVC or entrapped in the fi lter. ( b ) Vascular 
sheath inserted and proximal hook of the fi lter snared 

( arrow ). ( c ) Vascular sheath advanced over the fi lter, clos-
ing its legs. ( d ) Filter completely covered by vascular 
sheath, allowing fi lter removal       
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 –   Post-retrieval cavogram is optional and 
usually not performed unless there was sig-
nifi cant diffi culty during fi lter retrieval. 
Cavogram may show damage to the IVC 
wall (Fig.  11.6 ).  

 –   Filter retrieval by using endobronchial 
 forceps, laser, and several other advanced 
techniques have been used in adults but 
have not been reported in children 
[ 22 – 24 ].        

     Troubleshooting Retrieval Procedural 
Problems 

     1.    Filter hook cannot be snared: the hook may be 
close to or embedded in the IVC wall. Perform 
lateral venogram or CT (Conebeam or mul-
tislice CT) to assess position. Access femoral 
vein and a balloon can be used to correct 

 fi lter tilt and snare the fi lter from the jugular 
access [ 22 ].   

   2.    More than 25 % of thrombus in the fi lter 
(Fig.  11.7 ): mechanical thrombectomy can be 
performed and retrieval may be attempted if 
there is signifi cant thrombus clearance.

       3.    Filters in place for prolonged periods may 
require signifi cant force to remove the legs 
due to signifi cant endothelialization.   

   4.    Snare stuck to the fi lter hook: wire of snare 
can be cut from femoral approach and left in 
place.       

   Postprocedure Care 

   Immediate 

     1.    Head of bed elevated to 20°, if jugular access.   
   2.    Keep neck or leg still for 4 h.   
   3.    Watch for bleeding at access site.      

  Fig. 11.6    IVC endothelial tear ( arrow ) following diffi -
cult fi lter removal       

  Fig. 11.7    Large clot (more than 25 %) entrapped in the 
IVC fi lter       
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   Mid- and Long Term 

     1.    Watch for infection of access site.   
   2.    Assess for limb edema, which may indicate DVT, 

post-thrombotic syndrome, or caval thrombosis.   
   3.    If the fi lter is left permanently, fi lter position 

can be observed on future studies or scheduled 
yearly radiographs may be performed.       

   Follow-up 

 Follow-up is very crucial in children. Almost all 
children can receive retrievable fi lters as most of 
the currently available retrievable fi lters are 
approved for permanent use. Retrieval in children 
can be assured by scheduling follow-up appoint-
ments at 2 weeks, 1 and 2 months after fi lter 
placement to assess the continued need for the 
fi lter. The responsibility of retrieval is shared by 
the pediatric interventional radiologist and the 
referring clinician. IVC fi lter clinics [ 25 ] may be 
impractical in children since many institutions 
place 0–10 fi lters a year in children. Filters may 
be repositioned if prolonged protection is 
required [ 26 ]. Alternatively fi lters with long 
retrieval time like Celect (Cook, Bloomington, 
IN) and Meridian (Bard Peripheral Vascular, 
Tempe, AZ) can be used to reduce risks related to 
repositioning and anesthesia. 

   Outcomes and Complications 

 The limited numbers of studies in children is a 
major limitation to properly assess outcomes of 
IVC fi lters in children. The role of IVC fi lters in 
children in thrombosis prophylaxis has been 
assessed in small studies, which have shown that 
placement and removal of IVC fi lters is technically 
feasible in children with acceptable complications 
rate [ 3 ,  27 ]. Complications like symptomatic IVC 
penetration [ 28 ], IVC stenosis, and recurrent DVT 
[ 27 ] have been described in children. Other com-
plications such as fi lter embolism or breakthrough 
PE, have not been described in children. The role 
of IVC fi lters in prophylaxis against PE in trauma 
patients is yet to be fully evaluated; however, the 

incidence of VTE and vena cava fi lters is uncom-
mon in pediatric trauma [ 29 ]. 

 In adults, complications include:
•    Recurrent pulmonary embolism: 5 %  
•   Symptomatic complete IVC occlusion: 5 %  
•   Symptomatic insertion site thrombosis: 2 %  
•   Major fi lter migration (heart, lungs, iliac 

veins): <1 %  
•   Filter fracture (Fig.  11.8 ) with clinical conse-

quences: <1 %
•      Symptomatic perforation of major structures: 

<1 %     

   Postprocedural Problems 
and Management 

 In most postprocedural problems, if the patient is 
asymptomatic, no intervention is performed. 
Asymptomatic fi lter/fi lter fragment migration to 
the heart however, requires percutaneous or sur-
gical removal. Specifi c situations are discussed 
below:
    1.    Suspected recurrent PE:

    (a)    Confi rm PE by imaging (pulmonary CTA).   
   (b)    Anticoagulation. If anticoagulation is 

contraindicated:
•    Abdominal X-ray for assessment of 

present fi lter:
 –    If fi lter is malpositioned/migrated, 

place new fi lter.  
 –   If fi lter is in normal position, assess 

source of PE (new lower extremity 
DVT, renal vein thrombosis, fi lter 
thrombus, or no source found?): 
place fi lter above existing fi lter.     

•   Upper extremity DVT: consider SVC 
fi lter (controversial).          

   2.    Suspected fi lter/IVC occlusion:
    (a)    Confi rm diagnosis and level of occlusion 

by imaging.   
   (b)    Anticoagulation.   
   (c)    Consider mechanical thrombolysis, espe-

cially if anticoagulation is contraindicated: 
the goal is to restore the fl ow and not clear 
fi lter of thrombus.   

   (d)    Continued risk of PE: place fi lter above the 
thrombus.       
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   3.    Suspected fi lter migration:
    (a)    Confi rm by comparison to prior imaging.

•    If continued PE risk or if fi lter function 
is compromised, place new fi lter.      

   (b)    Migration to iliac veins: place new fi lter.   
   (c)    Migration to the heart: surgical or percuta-

neous removal even if asymptomatic.   
   (d)    Migration to pulmonary arteries: can be 

left alone.       
   4.    Suspected fi lter fragment fracture:

    (a)    Confi rm by comparison to prior imaging.
•    If continued PE risk or fi lter function is 

compromised, place new fi lter.      
   (b)    Symptomatic due to fragment: CT to 

assess location.   
   (c)    Endovascular or surgical removal, if 

possible.       
   5.    Suspected IVC wall penetration

    (a)    Majority are asymptomatic and observed 
(Fig.  11.9 ).

       (b)    Symptomatic: assess position.
•    Consider alternative diagnosis of 

symptoms.  
•   Manage by analgesics or endovascular 

or surgical removal.            

  Fig. 11.8    ( a ) Upper legs of the fi lter bent ( arrow ). ( b ) Upper legs of the fi lter missing ( arrow ) due to breakage and 
migration to chest       

  Fig. 11.9    A 16-year-old with asymptomatic IVC wall 
penetration. Axial CT image demonstrates fi lter struts 
outside the IVC lumen ( black arrows )       
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  Chapter Summary 

   Background 
•   IVC fi lters are used to reduce chance of life- 

threatening PE  
•   Placed when anticoagulation failed or 

contraindicated 

    Indications 
•      See Page 142  
•    Absolute : recurrent VTE in anticoagulated 

patient, contraindication/complication/inade-
quate anticoagulation  

•    Relative : iliocaval DVT, free-fl oating throm-
bus, undergoing thrombosis intervention, poor 
cardiorespiratory reserve, poor compliance, or 
high-risk anticoagulation  

•    Prophylaxis : surgery, trauma, and medical 
treatment risk (e.g., Klippel–Trenaunay 
sclerotherapy) 

    Contraindications 
•    Absolute : Occlusion or the absence of IVC  
•   Lack of access or infected access site  
•    Relative : cava >2.8 cm (some devices) or 

<1 cm [ 13 ] 

    Equipment 
•   Temporary fi lters: must be removed/

repositioned  
•   Optional/retrievable/recoverable fi lters: per-

manent fi lters that can be removed
 –    Preferred option in children     

•   Permanent fi lters: should not be removed or 
repositioned 

    Pre-procedure Assessment 
•   Elevated  d -dimer levels with DVT have high 

probability of PE  
•   Ultrasound: Doppler, compression, augmenta-

tion, respiratory variability  
•   CTA chest for suspected PE    

 Procedure Technique
  IVC Filter Insertion 
•   Informed consent.  
•   Local anesthesia, sedation, GA based on age 

and availability.  

•   Venous access—jugular or femoral  
•   Localization:

 –    Consider placement of ruler on table or iso-
center patient     

•   Cavogram, DSA, 2–6 frames/s:
 –    Anatomy, patency, size, thrombus distribution     

•   Insert delivery sheath over guidewire  
•   Place fi lter in position and withdraw sheath  
•   Deploy fi lter in appropriate position:

 –    Usually ~1 cm below renal veins  
 –      Suprarenal deployment if infrarenal IVC is 

too short, thrombus is above indwelling 
IVC fi lter, or renal vein thrombus  

 –   Below circumaortic renal vein      
•  Repeat cavogram  
•   Assess fi lter legs, tilt, and location—revise if 

necessary   

  IVC Filter Removal 
•   Remove when placement indication no longer 

exists and <25 % thrombus burden in fi lter  
•      Consent, sedation, and venous access as above  
•   Cavogram (below fi lter)

 –    Assess for thrombus burden and fi lter 
position     

•   Insert retrieval device (snare, cone, etc.) to 
capture fi lter
 –    Hook can be endothelialized—lateral cavo-

gram ± CT may be helpful     
•   Advance sheath over fi lter; remove fi lter  
•   Perform cavogram if removal is diffi cult  
•   Advanced techniques (laser, forceps, balloons, 

etc.) are not described in children   

  Postprocedure Care 
•   Bed rest 4 h  
•   Elevate head of bed 20° if jugular access  
•   Monitor for bleeding, site infection, and leg edema   

  Follow-up 
•   Remove fi lters in timely manner

 –    Assess in the clinic at 2 weeks, 1 and 2 months       

 Complications
•    Recurrent PE  
•   Filter/IVC occlusion  
•   Filter migration  
•   Filter fracture  
•   IVC penetration          
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          Background/General Information 

 The incidence of renal failure in children is 
1–2/100,000 as compared to 30/100,000 in 
adults. Although the method of dialysis depends 
on many factors, in some European countries, 
hemodialysis is preferred in children older than 
5 years with peritoneal dialysis used in younger 
children and those less than 10 kg in weight [ 1 ]. 
The National Kidney Foundation (NKF) has 
developed the Kidney Disease Outcomes Quality 
Initiative (K/DOQI) guidelines that serve as the 
standards of hemodialysis access management. 
Methods of dialysis access that are used in 
patients requiring hemodialysis include (1) 
hemodialysis catheters, (2) arteriovenous grafts 
(AVGs), and (3) arteriovenous fi stulae (AVFs). 
One of the current goals of the DOQI guidelines 
is to have an AVF placed in at least 50 % of 
patients with new onset renal failure and in at 
least 40 % of patients requiring hemodialysis. 
The DOQI guidelines also recommend that cath-
eters should be used in less than 10 % of patients 
requiring hemodialysis [ 2 ]. This chapter will 
focus on the management of dysfunctional AVGs 
and AVFs. 

 In 1966, Brescia and Cimino successfully 
 created a fi stula between the radial artery and 
cephalic vein for hemodialysis. The fi stula can be 
created using a side-to-side, end-to-side, or end-
to- end anastomosis (Fig.  12.1 ). Similarly, an 
AVF can be created between the brachial artery 
and cephalic vein. In addition, the basilic vein 
can be transposed to a more superfi cial location 
and subsequently anastomosed to the ulnar or 
brachial artery. AVFs, once mature, have long 
durability; however, AVFs can fail due to surgical 
factors, competing collaterals, and inadequate 
size of the cephalic vein. In adults, a higher rate 
of maturity is seen when the cephalic vein is 
greater than 2 mm in size.

   AVGs are synthetic grafts made of Dacron or 
polytetrafl uoroethylene (PTFE) usually 6–8 mm 
in diameter. Nonsynthetic grafts include bovine 
carotid artery or venous grafts (cadaveric or 
noncadaveric). Loop grafts are usually placed 
within the forearm and anastomosed to the bra-
chial artery and to the basilic or brachial vein 
(Fig.  12.2 ). Grafts in the upper arm are usually 
straight connecting the brachial artery to either 
the antecubital, cephalic, basilic, or axillary 
vein. Generally, the venous limb of a forearm 
loop graft is placed within the medial aspect 
of the forearm with the exception of reversed 
grafts where the arterial limb is located medi-
ally. AVGs can be placed within the groin to 
anastomose the femoral artery to the femoral 
vein or to the greater saphenous vein. AVGs are 
easier to cannulate and mature quicker but are 
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less durable than AVFs [ 3 ]. It is generally 
 recommended that AVGs be placed only if AVFs 
cannot be created.

      Indications/Contraindications 

 A hemodialysis access is deemed dysfunctional 
if there is a hemodynamically signifi cant steno-
sis, if the access (AVF) has failed to mature, if the 

access cannot be cannulated for hemodialysis, or 
if the access has thrombosed. A hemodynami-
cally signifi cant stenosis occurs when there is a 
greater than 50 % reduction in normal vessel 
diameter [ 2 ]. The most common cause of hemo-
dialysis access dysfunction is venous outfl ow ste-
nosis in greater than 80 % of cases. In AVGs, 
venous stenoses typically occur at the venous 
anastomosis but can also occur in a more central 
location. Subclavian and brachiocephalic vein 

  Fig. 12.1    Types of anastomoses seen in Brescia–Cimino fi stulae. ( a ) Normal anatomy. ( b ) End-to-end anastomosis. 
( c ) End-to-side anastomosis       

  Fig. 12.2    Typical types of upper extremity grafts. ( a ) Loop graft. ( b ) Straight graft       
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stenoses are typically result from prior placement 
of central venous catheters. In AVFs, the area of 
stenosis is typically within 3 cm of the anastomo-
sis [ 3 ]. Arterial stenosis occurs in less than 5 % of 
cases (Table  12.1 ).

   Hemodialysis access dysfunction requiring 
fi stulography can be detected with various sur-
veillance modalities (Table  12.2 ). Physical exam-
ination is an important monitoring tool [ 4 ,  5 ]. 
The loss of a continuous thrill indicates fl ow rates 
<450 mL/min and that an intervention is neces-
sary. Other clinical indicators include prolonged 
bleeding after decannulation; extremity swelling; 
a rigid, enlarging, or abnormally fl at pseudoaneu-
rysm; a loss of a continuous bruit on auscultation; 
palpable outfl ow stenosis (AVFs); the presence of 
prominent skin veins; or a decompressed outfl ow 
vein (AVFs). Evaluation of central venous steno-
sis after surgical thrombectomy and evaluation of 
vascular steal are additional indicators for fi stu-
lography. The main indication for thrombectomy 
is to restore patency of a thrombosed graft.

   The only absolute contraindication to inter-
vention is infection within a thrombosed access. 
Relative contraindications include signifi cant 
metabolic disturbance, right to left shunts, severe 
pulmonary compromise, signifi cant contrast 
allergy, and severe right heart failure. 

 Central venous angioplasty is not advised in 
patients who are coagulopathic since venous rup-
ture would be life threatening. In the treatment of 
thrombosed grafts, the use of tissue plasminogen 
activator is contraindicated in patients with recent 
cerebrovascular accident, active internal bleeding, 
recent surgical procedures, and the presence of 
an intracranial aneurysm. In those cases, mechan-
ical thrombectomy rather than thrombolysis 
would be performed. Severe contrast allergy can 
be pretreated prior to the procedure.  

   Preprocedure Workup 

 A clinical examination of the AVF or AVG is 
important to confi rm a thrombosed graft, absence 
of a thrill, to evaluate pseudoaneurysms, to evalu-
ate for superfi cial collateral veins, and to evaluate 
location of the arterial and venous limb of the AVG. 
Ultrasound is a great tool for use in AVFs to evalu-
ate patency of the anastomosis as well as location 
of thrombus and/or stenoses which will aid in 
determining the point of access prior to interven-
tion. Cardiorespiratory examination is important to 
evaluate for fl uid overload. If the patient has missed 
more than two dialysis sessions, it is important to 
rule out hyperkalemia. An ill patient with an ele-
vated serum concentration of potassium greater 
than 5 mEq/L who has not been dialyzed may be 
better served with a temporary dialysis catheter. 
Emergent therapy of hyperkalemia is indicated 
especially with the presence of ECG changes if the 
serum concentration of potassium is greater than 
6.5 mEq/L [ 6 ]. Obtaining coagulation values is rec-
ommended prior to central venous intervention.  

   Sedation 

 All children will require some degree of sedation 
during fi stulography. Younger children under the 
age of 12 will likely require general anesthesia. 

   Table 12.1    Causes of hemodialysis access failure   

 1. Thrombosis 
 2. Stenosis 

 (a) Venous (80 % in AVGs, 25 % in AVFs) 
 (b) Arterial anastomotic (10 % in AVGs, 52 % in 

AVFs) 
 (c) Central (27 %) 

 3. Pseudoaneurysm formation (5 % in AVGs and 15 % 
in AVFs) 

 4. Arterial steal 

   Table 12.2    Measured fl ow rate parameters indicating 
access dysfunction (DOQI)   

 1. Direct intra-access fl ow measurement (Transonics) of 
less than 600 mL/min (AVGs) or less than 1000 mL/
min (AVFs) or a decrease by more than 25 % over 4 
months 

 2. Elevated static (venous limb pressure > 40 % systemic 
pressure) or dynamic venous pressure (>150 mmHg 
at 200–250 mL/min) 

 3. Non-urea recirculation of >5 % indicating retrograde 
fl ow. Urea-based (two-needle method) recirculation 
of >10–20 % (AVFs) 

 4. Unexplained decreases in the amount of hemodialysis 
delivered (decreased Kt/V) 

 5. Elevated negative arterial pressure resulting in 
decreased blood fl ow 
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Older children greater than 12 years of age may 
respond well to moderate sedation. The majority 
will require general anesthesia for percutaneous 
thrombectomy.  

   Fistulography 

 The goal of fi stulography is to image the arterial 
infl ow, the entire fi stula or graft, and the entire 
venous outfl ow including the central veins. 

   Fistulography: Arteriovenous Grafts 

 If the interventionalist is unsure which limb of 
the graft is venous or arterial, manually com-
pressing the apex of the graft will result in 
absence of pulsatility within the venous limb 
with continued pulsatility of the arterial limb. 
The venous limb is typically punctured in an 
antegrade fashion pointing toward the venous 
outfl ow with subsequent contrast injection since 
venous outfl ow stenosis is the main cause of 
hemodialysis access dysfunction (Fig.  12.3 ). 
A second retrograde puncture of the venous limb 
may be required if the arterial infl ow or intragraft 
stenosis of the arterial limb needs to be treated 
(Fig.  12.4 ). Alternatively, the apex of the graft 
can be punctured to allow access to both the 
venous and arterial limb. Once the venous out-
fl ow has been treated, the access can be reversed 
to allow intervention on the arterial limb [ 7 ]. A 6 
Fr high-fl ow sheath is typically suffi cient to allow 

placement of up to a 10 Fr balloon. Upsizing to a 
larger sheath will be needed for placement of a 
covered stent. In order to visualize the arterial 
anastomosis and the arterial limb, refl ux fi stulog-
raphy is performed. This can be accomplished 
during balloon infl ation when treating the venous 
outfl ow, by manual compression of the venous 
limb or by venous outfl ow compression using a 
blood pressure cuff with simultaneous injection 
of contrast. Alternatively, direct fi stulography 
can be performed by catheterization of the arte-
rial infl ow through the retrograde venous limb 
access in order to visualize the entire AVG and 
arterial anastomosis.

       Fistulography: Arteriovenous 
Fistulae 

 Ultrasound-guided puncture of the outfl ow vein 
will allow for easier access in veins that are prone 
to vasospasm. This is particularly important in 
AVFs that are not well matured resulting in a 
small outfl ow vein. Ultrasound evaluation of the 
outfl ow vein can also be extremely helpful in 
determining where to access the outfl ow vein by 
evaluating for the presence of stenoses and 
thrombus. A retrograde venous puncture (within 
the forearm or arm) will allow access to majority 
of stenoses as well as to the anastomosis thereby 
limiting the number of punctures (Fig.  12.5 ). 
Alternatively, the infl ow brachial artery can be 
punctured in a retrograde fashion above the 
elbow using ultrasound guidance with subsequent 

  Fig. 12.3    Forearm loop fi stulography post declotting procedure demonstrating a signifi cant venous anastomotic 
stenosis       
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contrast injection through a small (3 Fr) dilator to 
evaluate the anastomosis. This is done in situa-
tions where venous puncture is not  possible (not 
well matured) or if the anastomosis is not well 
visualized despite venous puncture (Fig.  12.6 ). 
An antegrade puncture is necessary for treatment 
of central stenoses.

        Angioplasty/Endoluminal Stent 
Insertion 

 Once a stenosis is encountered, an appropriately 
sized high-pressure balloon is used for angio-
plasty [ 8 ]. It is important to avoid balloon 

  Fig. 12.4    ( a ) Forearm loop fi stulography post-declot procedure demonstrating a signifi cant arterial anastomotic stenosis 
( arrow ). ( b ) Fistulogram demonstrates an arterial limb stenosis       

  Fig. 12.5    Native wrist fi stulography demonstrating a severe juxta-anastomotic venous outfl ow stenosis          
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 oversizing in children where the veins are already 
of small caliber. This is also true for the cephalic 
arch and native fi stula anastomosis which are 
prone to rupture. Intravenous heparin (50–100 
units/kg) can be given to prevent thrombosis espe-
cially in children with smaller-size veins or if pro-
longed infl ations (greater than 2 min) are required. 
A typical infl ation time is 1–2 min. Repeat or pro-
longed angioplasty (up to 5 min) may be needed if 
there is a suboptimal result or signifi cant elastic 
recoil. Injection of perivenous lidocaine at the site 
of angioplasty can help with pain control. If the 
angioplasty balloon cannot be effaced due to an 
underlying resistant stenosis, consider using a 
cutting balloon [ 9 ]. Alternatively, a guidewire can 
be placed alongside an existing balloon to create a 
cutting effect during angioplasty (parallel wire 
technique) [ 10 ]. A good outcome of angioplasty 
is indicated by palpation of a continuous thrill 
(clinical), less than 30 % residual stenosis, 
absence of a fl ow-limiting dissection fl ap (ana-
tomic), and venous pressure less than 30 % of the 
measured systolic arterial blood pressure (hemo-
dynamic). DOQI guidelines dictate that angio-
plasty should result in a primary patency rate of at 
least 50 % at 6 months [ 2 ]. Recurrent stenosis 
after two angioplasties within a 3-month period is 
considered failure. Failure of angioplasty should 
result in surgical revision or stent insertion in 
patients who are not surgical candidates. 

 Percutaneous insertion of an intravascular 
stent is generally recommended to treat venous 
rupture not responding to prolonged infl ation, 
to treat an elastic stenosis, and for failure of 
angioplasty or recurrent central stenosis within 
3 months of previous angioplasty [ 2 ]. It has been 

shown that for peripheral veins, stents do not 
increase the patency rate when compared to 
angioplasty [ 11 ]. When placing a stent, it is 
important to only cover the lesion and avoid as 
much normal vein as possible. Typically, fl exible 
self-expandable nitinol stents are used and ideally 
should only be placed within a vessel that is not 
surgically accessible. Covered stents may have a 
role to treat a stenosis at the venous anastomosis 
of AVGs, to treat focal graft or venous rupture 
and to exclude AVG pseudoaneurysms [ 12 – 15 ]. 
Stents are generally avoided in the pediatric pop-
ulation due to the smaller caliber of veins.  

   Thrombectomy Technique 

 The principle of thrombectomy centers on the 
removal of existing clot, the removal of the arte-
rial plug, and the treatment of an underlying ste-
nosis. In addition to a similar workup as for 
fi stulography, intravenous antibiotics are typi-
cally administered due to the risk of existing 
silent infected thrombus [ 15 ]. Intravenous hepa-
rin (50–100 units/kg) is also administered to 
decrease rethrombosis risk/rate. 

 Ultrasound surveillance of AVFs immediately 
prior to the procedure will facilitate detection of 
the offending stenosis and the extent of thrombus 
burden and can limit access to a single puncture. 
Two puncture sites may be necessary to treat 
 concurrent juxta-anastomotic and more central 
stenoses. In order to facilitate access to the 
venous and arterial anastomoses of AVGs, 
the venous limb may be punctured in an ante-
grade and retrograde fashion with placements of 

  Fig. 12.6    Retrograde brachial arteriogram demonstrating a patent radial artery–cephalic vein arteriovenous fi stula with 
multiple venous stenosis ( arrows )       
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high-fl ow sheaths. Alternatively, an antegrade 
access within the arterial limb with retrograde 
access within the venous limb would achieve the 
same objective. 

 Thrombus removal techniques include the 
following:
    (a)    Lyse and wait: 2–4 mg t-PA is injected into the 

access 30 min prior to the procedure. Thrombus 
is removed with balloon maceration.   

   (b)    Pulse spray: 3–5 mg t-PA can be administered 
though the entire length of the thrombus 
through crossing infusion catheters over a few 
minutes followed by balloon maceration.   

   (c)    Thromboaspiration: using removable hub 
sheaths to aspirate clots within each limb of 
the graft.   

   (d)    Mechanical thrombectomy: using a mechani-
cal device to macerate existing clot. The 
type of device used will be dependent on 
patient size.     

 Using a mechanical thrombectomy device is 
the preferred method used at the author’s institu-
tion to declot AVGs. The device is initially acti-
vated within the venous limb through an antegrade 
sheath and subsequently placed through a retro-
grade sheath within the venous limb to declot the 
arterial limb and remove the arterial plug as the 
device is retracted and activated at the arterial 
anastomosis. The plug can also be removed using 
an over-the-wire Fogarty balloon catheter, adher-
ent clot catheter, or an angioplasty balloon. Once 
fl ow has been established within the access, fi stu-
lography is performed and the stenosis is then 
treated with angioplasty as described earlier. 
A single retrograde puncture technique usually 
suffi ces to declot an AVF when the stenosis is 
juxta- anastomotic. A mechanical thrombectomy 
device is used to remove the plug at the anasto-
mosis and thrombus within the outfl ow vein. 
A second puncture (antegrade) will be necessary 
to treat more central stenoses.  

   The Nonmaturing AVF 

 In order for an AVF to be functional for dialysis, 
the venous outfl ow needs to increase in size to 
become easily palpable, possess adequate fl ow, 
and be large enough to allow cannulation during 

dialysis. The development of adequate fl ow 
depends upon the presence of competing fl ow 
and venous resistance. Angioplasty can be used 
to assist maturation by treating an underlying 
stenosis. Competing venous collaterals result in 
decreased fl ow within the main outfl ow vein and 
can be treated with surgical ligation or coil 
embolization. If competing collaterals coexist 
with an underlying stenosis, angioplasty alone 
may suffi ce [ 3 ].  

   Complications 

 The most common complication that occurs 
during hemodialysis access intervention is focal 
venous rupture due to angioplasty. This occurs 
in 2–3 % of cases. Manual compression and bal-
loon tamponade are both effective to control 
bleeding. If these maneuvers fail, then stent 
insertion becomes necessary. Embolization of 
thrombus to the infl ow artery can occur in up to 
9 % of cases. The back-bleeding technique is 
used to treat clinically signifi cant arterial emboli 
that may occur during thrombectomy. In this 
technique, a Fogarty balloon is placed within 
the infl ow brachial artery above the anastomosis 
and infl ated while the patient opens and closes 
the hand repeatedly for about a minute. The bal-
loon is subsequently defl ated with repeat fi stu-
lography. If this technique fails, the embolus 
may be removed using thromboaspiration, 
thrombolysis, or a pullback technique to dis-
lodge the embolus back into the graft. Allergic 
contrast reactions may occur; therefore, appro-
priate preprocedure therapy is indicated in 
patients with known contrast allergy. Severe 
complications such as symptomatic pulmonary 
embolism or death occur in less than 1 % of 
patients [ 16 ].  

   Postprocedure Care 

 Adequate hemostasis is usually achieved with 
manual compression using Gelfoam or a hemo-
stasis patch. A purse-string suture can be used for 
AVGs and should be removed within 48 h to pre-
vent infection. Various devices exist to aid in 
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compression of AVGs. The goal is to avoid too 
much compression resulting in graft occlusion 
with rethrombosis. Once hemostasis is achieved, 
dialysis can be performed immediately. Access 
surveillance as discussed in the indications sec-
tion is then continued to determine the need for 
repeat intervention as necessary. 

  Chapter Summary 

   Indications for Treatment 
•   Hemodynamically signifi cant stenosis; >50 % 

decrease in vessel diameter  
•   Failure of maturation  
•   Inability to cannulate  
•   Thrombosis  
•   Loss of thrill  
•   Prolonged bleeding  
•   Abnormal pseudoaneurysm 

    Contraindications 
•   Venoplasty/angioplasty in coagulopathic patients  
•   Infected, thrombosed fi stula or graft  
•   Relative:

 –    Metabolic disturbances (e.g., hyperkalemia)  
 –   Right to left shunt  
 –   Severe pulmonary compromise  
 –   Right-sided heart failure  
 –   Contrast allergy  
 –   Recent surgery, active bleeding, or recent 

cerebrovascular event (thrombolysis) 

       Workup 
•   Clinical evaluation

 –    Thrill  
 –   Veins     

•   Ultrasound  
•   Coagulation values (prior to central venous 

intervention) 

    Equipment 
•   Vascular sheath  
•   Balloons—angioplasty, high pressure for 

venoplasty, cutting occasionally  
•   Stent—occasionally  
•   Thrombectomy device  
•   Multi-side hole infusion catheters  

•   Aspiration catheters  
•   TPA  
•   Heparin  
•   Lidocaine 

    Complications 
•   Venous rupture  
•   Arterial embolization  
•   Pulmonary embolism  
•   Death 

    Postprocedure Care 
•   Purse-string suture removed after 48 h  
•   Surveillance monitoring         
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          Background/General Information 

 Congenital portosystemic shunts (CPSS), fi rst 
described in 1793 by London surgeon John 
Abernethy, are rare congenital communications 
between the portal and the systemic venous sys-
tem. These shunts are caused by the anomalous 
development of the hepatic vasculature during the 
embryologic period. During normal embryonic 
development, the right and left vitelline veins 
emerge from the yolk sac to enter the  primitive 
liver (septum transversum). Around the fourth 
week of development, cross- communicating 
veins develop between the vitelline veins. These 
crossing veins anastomose with each other in a 
fi gure-eight arrangement around the developing 
duodenum. The left vitelline vein ultimately invo-
lutes and the remaining right vitelline vein forms 
a portion of the inferior vena cava, the hepatic 

veins, and the portal vein. The left and right 
umbilical veins, likewise, course through the 
primitive liver. The network of veins formed 
from the umbilical and vitelline veins drains 
into the ductus venosus and ultimately into the 
inferior vena cava. The entire right umbilical 
and a portion of the left umbilical vein involute. 
The remaining portion of the left umbilical vein 
carries oxygenated blood from the placenta to 
the fetal liver and drains into the IVC via the 
ductus venosus. 

 Congenital absence of the portal vein is 
thought to arise due to an early involution of the 
periduodenal vitelline veins. Shunts between the 
right portal vein and systemic systems are thought 
to arise due to persistence of the right vitelline 
vein [ 1 ]. Shunts between the left portal vein and 
systemic circulation are thought to be due to per-
sistence of the left vitelline vein.  

   Classification 

 These congenital shunts can be classifi ed into dif-
ferent types depending on the specifi c anatomy 
of the shunt. Congenital extrahepatic portosys-
temic shunts (CEPSS) were fi rst studied by 
Abernethy in 1793 and a formal classifi cation 
was proposed by Morgan and Superina in 1994 
(Table  13.1 , Fig.  13.1 ) [ 2 ]. Park proposed a clas-
sifi cation for congenital intrahepatic portosys-
temic shunts (CIPSS) in 1990 (Table  13.2 , 
Fig.  13.2 ) [ 1 ,  3 ].
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         Patient Presentation 

 Regardless of which type of shunt occurs, the 
presenting symptoms constitute a wide spectrum. 
CPSS may be asymptomatic or associated with 
varying degrees of encephalopathy. In fact, the 
majority of shunts are discovered during screen-
ing for metabolic diseases. Due to portal blood 
bypassing the liver, these patients often have 
hypergalactosemia, elevated ammonia levels, and 
sometimes hyperbilirubinemia. 

 In type I CEPSS, there is a congenital absence 
of the portal vein with complete diversion of por-
tal blood into the systemic circulation. Intrahepatic 
portal radicles may be hypoplastic and undetect-
able [ 4 ]. Type 1 shunts are more commonly seen 
in females and are associated with other anoma-
lies including biliary atresia, polysplenia, malro-
tation, situs inversus, multicystic dysplastic 
kidneys, Goldenhar syndrome (oculoauriculover-
tebral dysplasia), choledochal cyst, skeletal 
anomalies, and cutaneous hemangiomas. 

 Type II CEPSS are more common in boys 
with less association with congenital anomalies 
but can be seen in patients with pulmonary valve 
atresia, patent ductus arteriosus, Goldenhar syn-
drome, polysplenia, and IVC anomalies. 

 Associated congenital anomalies are much 
less common with CIPSS but can still occur, e.g., 
biliary atresia, cutaneous hemangiomas, and con-
genital heart disease. 

 Excessive shunting results in accumulation of 
toxic metabolites such as bile acids, cholylgly-
cine, galactose, and ammonia resulting in varying 
degrees of hepatic encephalopathy. Signs of por-
tal hypertension such as varices, ascites, and 
splenomegaly may occur but are infrequent. 
Features of portal hypertension usually indicate 
that the existing shunt is compensatory and not 
congenital. Patients with CIPSS can present with 
postprandial hyperglycemia seen especially in 
diabetic patients. Both CEPSS and CIPSS may 
be associated with the development of intrahe-
patic lesions (fatty liver, focal nodular hyperpla-
sia, adenoma, nodular regenerative hyperplasia, 
hepatoblastoma, and hepatocellular carcinoma) 
which may regress after treatment. Any remain-
ing nodules are generally evaluated with follow-
 up imaging and do not typically require 
percutaneous biopsy since the occurrence of 
hepatocellular carcinoma is rare. It is thought that 
hepatic tumors occur as a compensatory response 
to the decrease in intrahepatic fl ow of blood, but 
the exact mechanism of hepatic nodule formation 
is unknown. Hepatopulmonary syndrome 
(hepatic dysfunction, lung vascular alteration, 
and hypoxemia) may occur with either type of 
shunt and can result in signifi cant pulmonary 
hypertension [ 5 – 8 ].  

   Preprocedure Workup 

 Abdominal ultrasound with hepatic Doppler 
evaluation is the initial radiologic workup when 
a malformation is suspected. US evaluation is 
inexpensive, is noninvasive, and does not expose 
the patient to radiation. The vast majority of 
shunts can be visualized with US alone 
(Fig.  13.3 ). After the malformation has been rec-
ognized, the next step is to utilize cross-sectional 
imaging (CT or MR) to demonstrate the exact 
course of the shunt and visualize the remainder 
of the portal system in order to plan subsequent 
management. Cross- sectional imaging more 
accurately demonstrates the extrahepatic venous 
anatomy, features of portal hypertension (ascites, 
splenomegaly, varices), and the presence of 
intrahepatic masses (Fig.  13.4 ). The advantage 

   Table 13.1    Congenital extrahepatic portosystemic 
shunts (Morgan and Superina classifi cation)   

  Type I  (Abernethy malformation): end-to-side 
communication with the portal system to the IVC (most 
common), azygous vein, renal vein, right atrium, or iliac 
veins (Fig.  13.1a ) 
   Type Ia: the splenic vein (SV) and superior mesenteric 

vein (SMV) each drains separately into the systemic 
circulation 

   Type Ib: the SV and SMV join to form a common trunk 
and directly drain into the systemic circulation 
bypassing the liver 

  Type II : side-to-side anastomosis of the portal with the 
IVC (Fig.  13.1b ) 
  Type IIa: congenital type II shunts 
  Type IIb: acquired type II shunts 

F.E. Marshalleck and P. Haste



167

of MR imaging is the lack of ionizing radiation. 
Nuclear medicine studies such as iodine 123 
iodoamphetamine administered rectally have 
been used to calculate shunt ratios between the 
liver and the lung primarily for type II CEPSS. A 
shunt ratio of greater than 30 % indicates an 
increased risk of encephalopathy [ 9 ]. Catheter-
directed angiography is usually reserved for use 
during percutaneous intervention. Additional 
laboratory evaluation such as platelet count and 
coagulation parameters may also be obtained if a 
transhepatic intervention is contemplated. Urea 
and creatinine levels are important to obtain prior 
to contrast administration. Percutaneous liver 

biopsy is  useful primarily in suspected type I 
CEPSS to evaluate for hypoplasia or absence of 
intrahepatic portal radicles.

       Indications for Treatment 

 Depending on the degree of shunting, CPSS can 
signifi cantly affect neurocognitive function espe-
cially if associated with elevated ammonia levels, 
galactose levels, and encephalopathy. This is an 
important consideration in children since neuro-
logical effects can decrease productivity in adult-
hood. It is generally recommended that early 
shunt closure be performed to restore hepatic 
blood fl ow to prevent possible long-term neuro-
logical and pulmonary effects [ 7 ,  9 ] especially if 
the patient is already encephalopathic. 

 For CEPPS   , an elevated iodine 123 iodoam-
phetamine shunt ratio of greater than 30 % indi-
cates that encephalopathy can be precipitated and 
a shunt ratio of greater than 60 % indicates that 
encephalopathy will occur spontaneously and 
that treatment is mandatory [ 10 ]. In the past, 
patients with type I CEPSS underwent liver 
transplantation, but successful outcomes have 
been reported following surgical banding [ 4 ]. 
Type II CEPSS can be treated with percutaneous 
embolization or surgical ligation depending on 
the anatomy of the shunt. 

   Table 13.2    Congenital intrahepatic portosystemic 
shunts (Park classifi cation)   

  Type I —a single large vessel connecting the right portal 
vein to the intrahepatic IVC (Fig.  13.2a ) 
  Type II —one or more communications between the 
peripheral portal and hepatic vein branches within a 
 single  hepatic segment (Fig.  13.2b ) 
  Type III —type II shunt with an intervening venous 
aneurysm (Fig.  13.2c ) 
  Type IV —multiple portosystemic communications 
between portal and hepatic veins within  multiple  hepatic 
segments (Fig.  13.2d ) 
  Type V —the fi fth type of intrahepatic shunt is a patent 
ductus venosus. This type of shunt is an abnormal 
persistence of the embryologic vascular connection 
between the proximal left portal vein and the IVC 
(Fig.  13.2e ) 

  Fig. 13.1    Congenital extrahepatic portosystemic shunts. ( a ) Type I—end-to-side communication of portal vein to IVC. 
( b ) Type II—side-to-side anastomosis of portal vein with IVC       
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 Unlike CEPSS, cases of spontaneous regres-
sion of CIPSS have been reported during the fi rst 
year or 2 of life. Asymptomatic patients can be 
followed for the fi rst 2 years of life and treated 

only if symptoms develop or if ammonia or 
galactose levels begin to rise [ 4 ,  8 ]. Symptomatic 
patients and those over 2 years of age should 
be treated with percutaneous embolization. 

  Fig. 13.2    Congenital intrahepatic portosystemic shunts. 
( a ) Type 1—right portal vein to intrahepatic IVC. ( b ) 
Type II—peripheral portal to hepatic vein connection, 

single segment. ( c ) Type III—type II with aneurysm. 
( d ) Type IV—multiple portal hepatic connections, multi-
ple segments. ( e ) Type V—patent ductus venosus       
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  Fig. 13.3    Doppler ultrasound images demonstrating a large congenital shunt from the left portal vein to the IVC (patent 
ductus venosus)       

  Fig. 13.4    Axial CT images demonstrating a patent ductus venosus. Cross-sectional imaging has the advantage of also 
illustrating abnormalities within the solid organs       
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Asymptomatic patients are treated with medical 
therapy and dietary management.  

   Contraindications 

 It is important to note that only primary congeni-
tal shunts should be treated. Shunt closure 
should not be performed in cases where the 
shunt occurs as a compensatory mechanism to 
portal hypertension as seen in neonatal hemo-
chromatosis. Shunt closure in the presence of 
portal hypertension due to intrinsic liver dis-
ease can result in fatality due to mesenteric 
venous congestion and bowel ischemia [ 11 ]. 
Coagulopathy would be a contraindication only 
if a transhepatic route was contemplated to per-
cutaneously treat intrahepatic shunts.  

   Technique 

 The procedure is typically performed with gen-
eral anesthesia. The treatment of CPSS is vari-
able depending on shunt anatomy. The indicated 
treatment for a type I extrahepatic shunt is liver 

transplantation due to the lack of a suitable vessel 
for embolization. The other types of shunts are 
best managed with endovascular therapy when 
feasible. Surgical ligation is an option for patients 
with an unfavorable shunt anatomy for endovas-
cular closure. Embolization of these shunts can 
be performed using transjugular, transfemoral, 
transhepatic, mesenteric, umbilical venous, or 
transcaval routes [ 8 ]. 

 Catheterization of congenital shunts is often 
successful using a transjugular route. Once access 
is gained into the portal vein, manometric assess-
ment is performed to obtain a baseline pressure 
measurement. Direct portography is also per-
formed to determine shunt anatomy in order to 
decide whether embolization can be performed 
safely. An occlusion balloon is subsequently 
infl ated within the portal vein with repeat portog-
raphy and manometric assessment. Occlusion 
portography is performed to confi rm the presence 
of intrahepatic portal radicles and to determine 
the effect of shunt closure on portal venous pres-
sure (Fig.  13.5 ). Opinion varies regarding the 
pressure gradient that warrants staged closure 
(avoiding abrupt closure that could lead to sig-
nifi cant acute portal hypertension). Authors have 

  Fig. 13.5    Occlusion portogram. ( a ) Angiographic image 
demonstrating catheterization of a congenital ductus 
venosus from a jugular approach. Intrahepatic radicles are 
not clearly seen. ( b ) Occlusion portography obtained by 

injection of contrast during balloon infl ation within the 
shunt demonstrates that intrahepatic portal venous radi-
cles exist. Multiple small shunts between the portal vein 
and hepatic veins are also seen       
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suggested pressure gradients  ranging from 20 to 
32 mmHg as the indicator for staged closure [ 4 ]. 
If the gradient is favorable, i.e., <20–32 mmHg, 
then primary closure can be performed using 
metallic coils (large coils up to 20 mm in diame-
ter are available). Likewise, the Amplatzer occlu-
sion device (AGA Medical Corporation, MN) can 
be used especially for larger-diameter fast fl ow 
fi stulae. Detachable coils play a vital role in 

smaller-diameter shunts where precise deploy-
ment is necessary [ 9 ,  12 ]. In the case of a short-
length, large-diameter shunt, endovascular 
exclusion of the shunt by placement of a covered 
stent within the IVC has been reported (Fig.  13.6 ) 
[ 13 ]. If staged closure is warranted, this can be 
achieved using a reducing stent technique 
(Fig.  13.7 ). A self-expanding Wallstent (Boston 
Scientifi c, USA) is initially placed within the 

  Fig. 13.6    Staged shunt closure. ( a ) Patent ductus veno-
sus with a wall stent placed to induce intimal hyperplasia. 
Occlusion portography had demonstrated a portal pres-
sure of >20 mmHg indicating unfavorable conditions for 
immediate shunt closure. ( b ) Coil embolization of portal 

vein to hepatic vein shunt in the same patient. ( c ) Final 
shunt closure with an Amplatzer plug device placed 
within the existing stent after occlusion portography dem-
onstrated a portal pressure of <20 mmHg       
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shunt to incite intimal  hyperplasia followed by 
coaxial placement of a reducing stent to further 
close the shunt after a 2-month interval [ 8 ]. If 
there are multiple shunts, staged embolization of 
the various shunts may be employed. Concomitant 
arterial access (visceral angiography) is neces-
sary not only to visualize the shunt on delayed 
imaging but also to evaluate for shunt closure 
after embolization (Fig.  13.8 ). In cases where 
there is signifi cant hepatopulmonary syndrome, 
pulmonary arterial pressure can be monitored 
during the procedure with the placement of a 
Swan-Ganz catheter (Fig.  13.7a ).

         Complications 

 As with any embolization procedure, nontarget 
embolization can occur but could be avoided with 
proper sizing of coils, the use of detachable coils, 
or the use of the Amplatzer occlusion device 
especially to treat larger-diameter shunts. Due to 
the risk of portal vein thrombosis, it is advised 
that intravenous heparin is administered during 
the procedure at a dose of 50–100 units/kg. 
Signifi cant portal hypertension can be avoided 
with staged closure. As previously stated, shunt 

closure should be avoided when a portacaval 
shunt is secondary to portal hypertension caused 
by intrinsic liver disease. Complications related 
to arteriography as well as contrast reactions can 
also occur.  

  Fig. 13.7    Covered IVC stent; femoral Swan-Ganz. 
( a ) Angiographic image demonstrating catheterization of 
a congenital extrahepatic shunt short in length but with a 
wide diameter precluding adequate embolization. 

( b ) Exclusion of the shunt by placement of covered stents 
within the IVC after occlusion portography demonstrated 
portal pressure <20 mmHg       

  Fig. 13.8    Arterial access. Venous phase of SMA angiog-
raphy delineating a type III congenital intrahepatic shunt. 
Arteriography is needed before and after intervention to 
assess for adequate shunt closure       
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   Follow-up Care 

 Doppler sonography at routine intervals (1, 3, 6 
months, and annually) is recommended to assess 
shunt closure and development of intrahepatic por-
tal branches. Follow-up blood work is also done to 
confi rm decreasing ammonia and galactose levels. 
Repeat clinical assessment is also recommended 
to follow improvement in encephalopathy and to 
monitor cognitive function. 

  Chapter Summary 

   Presentation 
•   Variable presentation  
•   Encephalopathy  
•   Hypergalactosemia  
•   Hyperammonemia  
•   Hyperbilirubinemia  
•   Portal hypertension  
•   Hepatic nodules/masses  
•   Hepatopulmonary syndrome 

    Preprocedure Workup 
•   Ultrasound liver with Doppler evaluation  
•   CT/MR

 –    Defi ne shunt anatomy  
 –   Portal hypertension sequelae  
 –   Intrahepatic masses     

•   Iodine 123 iodoamphetamine (type II CEPSS)  
•   Blood work: platelet count, INR/PTT, BUN, 

creatinine  
•   Liver biopsy (type I CEPSS) 

    Indications for Treatment 
•   Type II CEPSS  
•    123 I shunt ratio >30 %; >60 %  
•   CIPPS   : may involute in the fi rst year— 

consider surveillance if ammonia stable and 
no encephalopathy 

    Contraindications 
•   Secondary portosystemic shunt (e.g., 

hemochromatosis)  
•   Intrinsic liver disease     
•   Coagulopathy 

    Equipment 
•   Angiographic catheters, wires, sheaths  
•   Occlusion balloon  
•   Pressure monitoring equipment  
•   Coils, occlusion devices  
•   Heparin 

    Complications 
•   Nontarget embolization  
•   Portal vein thrombosis  
•   Portal hypertension—mesenteric venous con-

gestion, bowel ischemia 

    Follow-up 
•   Doppler ultrasound

 –    1, 3, 6, and 12 months then yearly     
•   Clinical follow-up to assess for encephalopathy  
•   Ammonia, galactose levels         
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          Overview of Vascular Anomalies 

 The International Society for the Study of 
Vascular Anomalies (ISSVA) classifi es vascular 
anomalies into vascular tumors and vascular mal-
formations (Table  14.1 ). This division is based on 
the biological and clinical behavior of these 
anomalies (including physical characteristics, 
natural history, and cellular features) [ 1 ]. Its 
usage provides a common language for most 
diagnoses.

   Infantile hemangioma is the commonest vascu-
lar tumor, initially presenting a few weeks after 
birth. Fetal hypoxic stress is considered a likely 
trigger for the development of these tumors; how-
ever, placental emboli have previously been impli-
cated as they share pathological features in 
common. Although most vascular tumors are not 
associated with vascular malformations, the so- 
called “segmental” type of infantile hemangioma 
may be associated with developmental vascular 
and other anomalies, as in PHACES syndrome [ 2 ]. 

 Vascular malformations are different to 
 infantile hemangiomas as they are present at 
birth (although not always evident), show com-
mensurate growth with the patient, and persist 

throughout life. They are due to errors of vascular 
morphogenesis affecting vascular channels 
exhibiting low fl ow (capillaries, veins, and 
 lymphatics) or high fl ow (arteries). A vascular 
anomaly is characterized as high fl ow when arte-
riovenous shunting occurs. Gene mutations are 
now recognized in many patients with vascular 
malformations, e.g., somatic mutations of the 
TIE2 gene are seen in 50 % of sporadic venous 
malformations (VM). 

 Establishing an accurate diagnosis allows for 
appropriate treatments to be undertaken and pre-
vents inappropriate treatments. Most postnatal 
diagnoses can be made from history and physical 
examination and supplemented by diagnostic 
imaging (and occasionally other investigations) 
when diagnoses are unclear or lesions are deeply 
located. 

 Interventional radiology has a major role in 
providing treatment options for many of these 
patients. The interventionalist should have 
knowledge of these anomalies and their imaging 
fi ndings. Skills are needed for endovascular tech-
niques (particularly sclerotherapy, transcatheter 
embolization, and endovenous laser) and other 
relevant therapies (compartmentalizing lesions 
and laser therapies). Participation in a specialist 
multiprofessional team providing patient care 
is essential. 

 Before the interventionalist undertakes radio-
logical treatments, it is important to review up- to- 
date imaging of the lesions and understand the aim 
and expected outcomes of the planned treatment. 
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Most interventional treatments in pediatrics 
require general anesthesia as this provides a safe, 
controlled pain-free environment enabling proce-
dures to be done effi ciently and effectively. 
Chapter   3     covers pediatric sedation and includes a 
section describing anesthesia for vascular anom-
aly interventions. 

 Sclerotherapy is done for low-fl ow vascular 
malformations by injecting a sclerosant directly 
into the lesion. It is usually performed as a day- 
case procedure with patients discharged after 
4–6 h. Embolization for high-fl ow vascular 
anomalies is performed by injecting embolic 
agents via an angiographic catheter or by direct 
needle puncture into the lesion and usually 
requires a 24-h stay in hospital. If signifi cant 
swelling is likely post treatment in lesions located 
in the oral cavity (including tongue) or airway, 
then planned admission to intensive care may be 
needed for airway support and management. If 
multiple treatments are required over a long 
period for large anomalies affecting the oral cav-
ity and airway (particularly in infancy), gastros-
tomy and tracheostomy may be required for 
feeding and airway support, respectively. It is 
important to be aware of post-procedure require-
ments, which are dependent on patient age, 
patient well-being (including psychosocial), and 
disease type and location. For example, large pel-
vic or urogenital malformations may need a 
Foley catheter for several days until post- 
procedure swelling resolves.  

   Imaging of Vascular Anomalies 

 Not all patients with vascular anomalies require 
imaging to confi rm the diagnosis. Most (between 
80 and 90 %) can be diagnosed from clinical his-
tory and physical examination [ 3 ]. For example, 
most babies with infantile hemangiomas do not 
need imaging; however, close clinical follow-up 
is needed. 

 Imaging is undertaken to aid diagnosis and 
when full evaluation of the anomaly is required 
(including its full extent and tissue involvement). 
Ultrasound (US) and magnetic resonance (MR) 
are the most useful modalities due to their high 
tissue specifi city [ 4 ]. For most patients, MR angi-
ographic (MRA) sequences are not needed to 
establish the diagnosis. In patients with high-fl ow 
lesions, MRA is useful for mapping the affected 
vascular anatomy. US has limitations when 
lesions are extensive or deeply located. 

 Vascular tumors on MR and US demonstrate a 
hypervascular parenchymal tumor in which 
vascular shunting may be seen (Figs.  14.1  and 
 14.2 ). In infantile hemangiomas, the vascularity 
and shunts decrease and fi brofatty tissue increases 
over time.

    Vascular malformations show no parenchymal 
tumor with VMs showing dysplastic venous spaces, 
thrombi, and phleboliths (Figs.  14.3  and  14.4 ).

    Lymphatic malformations (LM) show cysts, 
some containing hemorrhagic fl uid or thrombi 

     Table 14.1    Classifi cation of vascular anomalies   

 Vascular tumors  Vascular malformations 
 Hemangiomas  Low fl ow (single channel) 

 – Infantile (superfi cial/deep)  – Capillary malformation (CM) 
 – Congenital (RICH/NICH)  – Venous malformation (VM) 
 Kaposiform hemangioendothelioma (KHE)  – Lymphatic malformation (LM) 
 Tufted angioma (TA)  Low fl ow (combined channels) 

 – CLM/CVM/VLM 
 High fl ow 
 – Arteriovenous malformation (AVM) 
 – Arteriovenous fi stula (AVF) 
 Complex combined 
 – Klippel–Trenaunay syndrome (CLVM) 
 – Parkes Weber syndrome (CLAVF) 
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adjacent to the cyst walls (Figs.  14.5  and  14.6 ). 
The microcystic type of LMs which have no 
identifi able cysts on imaging appears as areas of 
solid echogenic tissue. VMs and LMs can have 
fl uid-fl uid levels.

    Arteriovenous malformations (AVM) show 
lesional hypervascularity and vascular shunting, 
with perilesional soft tissue edema. Localized 
increased fatty areas can be seen around some 
soft tissue VMs and AVMs. Enlargement of 
infl ow arteries and outfl ow veins with AV 

 shunting can be seen in both vascular tumors and 
high- fl ow vascular malformations. 

 “Bedside” US is extremely useful in vascular 
anomalies, providing a rapid diagnosis in the 
clinic when lesions may have little or no visible 
abnormality on the skin surface. US can demon-
strate local complications such as superfi cial 
blood clots in venous malformations when 
patients present with pain. During interventional, 
radiology US is essential and provides image 
guidance for endovascular procedures. 

  Fig. 14.1    Ultrasound parotid hemangioma. Solid, densely hypervascular lesion. The solid component ( a ) represents 
the parenchymal component of the vascular tumor ( b ), distinguishing this lesion from an arteriovenous malformation       

  Fig. 14.2    MR parotid hemangioma. Parotid gland proliferative phase infantile hemangioma. Tumor parenchyma is 
isointense on T1 ( a ) and hyperintense on T2 ( b ), showing avid uniform contrast enhancement ( c ). Flow voids present       
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  Fig. 14.3    Ultrasound venous malformation (VM). VM shows anechoic channels within soft tissue mass ( a ). 
Intralesional phlebolith present in anechoic channel ( b )       

  Fig. 14.4    MR venous malformation (VM). VM is isoin-
tense on T1 ( a ), hyperintense on T2 ( b ), and nonuniform 
lesion enhancement with contrast ( c ). Small hyperintense 

focal thrombus present on T1 ( black arrowheads ). Focal 
signal void phlebolith present on T2 ( white arrowhead )       

  Fig. 14.5    Ultrasound lymphatic malformation (LM). 
Mixed LM (macro- and microcysts) ( a ). Microcystic LM 
as “solid echogenic tissue” with no ultrasound visible 

cysts ( b ). Macrocystic hemorrhage containing echogenic 
fl uid ( c )       
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 Plain X-ray and CT scan are not required in 
most for diagnosis (they have a low tissue speci-
fi city). They may be required to assess abnormal-
ities of skeletal growth associated with vascular 
malformations, to assess extremity overgrowth in 
Klippel–Trenaunay syndrome (KTS), and to 
evaluate challenging vascular anomalies involv-
ing the skeleton. 

 Conventional venography and catheter angi-
ography are not required in the majority of 
patients. Venography is occasionally undertaken 
in VMs with signifi cant phlebectasia to assess 
potential closure methods and in some patients to 
delineate communications between the VM and 
normal functioning veins. This can be done at the 
time of sclerotherapy. In KTS, venography to 
assess anomalous veins and the deep venous sys-
tem prior to endovascular therapy is required as 
MR venography (MRV) is often inadequate 
(Fig.  14.7 ). Routine direct percutaneous puncture 
venography of VMs is only required during 
 injection sclerotherapy Catheter arteriography is 

done during embolization in selected high-fl ow 
 vascular anomalies (Fig.  14.8 ). Nuclear medicine 
has no role in imaging these disorders.

       Equipment/Drugs 

 The array of equipment, embolic agents, and 
sclerotherapy agents is vast. Suggestions for 
materials for specifi c indications are listed in 
each section below. 

   Prophylactic Medications 

 Steroids, antibiotics, and nonsteroidal anti- 
infl ammatory medication may be required as 
single intravenous doses for selected sclerother-
apy and embolization procedures. 

  Dexamethasone  (0.1 mg/kg, maximum 8 mg) 
is given if the lesion is in a confi ned space such as 
the orbit or airway. 

  Fig. 14.6    MR of lymphatic malformation (LM). 
Macrocystic ( a–c ) and microcystic ( d–f ) LMs show simi-
lar T1 and T2 signal intensity (isointense on T1 ( a ,  d ), 
hyperintense on T2 ( b ,  e )). Morphologically however 

these lesions differ. Cyst rim enhancement occurs in mac-
rocystic LM ( c ). Microcystic LM rarely shows contrast 
enhancement and if so appears as a slight diffuse enhance-
ment throughout the lesion ( f )       
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  Fig. 14.7    Venogram of lateral marginal embryonic vein 
in Klippel–Trenaunay Syndrome. Performed by direct 
lower calf injection. In this patient, the lateral marginal 
vein is a single large channel, associated with a large 
superfi cial venous  aneurysm below the knee ( a ). The 

embryonic vein drains via posterior channels in the upper 
thigh to the femoral vein and via gluteal channels to the 
iliac vein ( b ). The embryonic vein may also be composed 
of multiple intercommunicating channels       

  Fig. 14.8    Global catheter angiogram of upper extremity 
arteriovenous malformation (AVM). Typical fi nding with 
enlarged brachial artery ( a ); runoff into enlarged tortuous 

radial, ulnar, and interosseous arteries; arterial aneurysms 
at the elbow ( b ); shunts (nidi) in the distal forearm and 
palm ( c ); and early drainage into enlarged veins ( d )       
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  Cefazolin  (30 mg/kg, maximum 1 g) should 
be given when treating oral, orbital, or perineal/
perianal lesions. 

  Ketorolac  (0.5 mg/kg, maximum 15 mg in 
those <16 years) is good at providing post- 
procedural pain (and can be repeated every 6 h if 
needed).   

   Vascular Tumors 

    The ISSVA classifi cation of vascular tumors 
includes hemangiomas, kaposiform hemangio-
endotheliomas (KHEs), and tufted angioma. 
A description of vascular tumor types and asso-
ciated treatments (including treatment of 
Kasabach–Merritt phenomenon [KMP]) follows. 

   Infantile Hemangiomas (IH) 

 IHs are the most common tumor of infancy, 
appearing a few weeks after birth. These fl at red 
lesions are commonly cutaneous and present in 
the head and neck area [ 5 ]. 20 % have multiple 
lesions. Visceral hemangiomas occur in the liver, 
 gastrointestinal tract, and brain. When more than 
fi ve cutaneous lesions are present, liver ultrasound 
is performed to exclude hepatic involvement. 

 Infantile hemangiomas have a characteristic 
three-phase life cycle (Fig.  14.9 ). The fi rst phase, 

the “proliferative phase,” occurs within the fi rst 
9–12 months of postnatal life with rapid tumor 
growth and tumor angiogenesis. During this 
phase, tumor hypervascularity and high fl ow 
vascular shunting can be seen. The second phase, 
the slow “involuting phase,” occurs over the next 
5–7 years, with reduced vascularity, reduction in 
overall size. Reduced vascular fl ow and some 
fi brofatty replacement. The third or “involuted 
phase” occurs after 5–7 years with resultant fi bro-
fatty residue. After involution, lesions do not recur, 
and approximately half of all patients will have  
e lesion.

   When involving the superfi cial dermis, the fl at, 
red lesions become raised during proliferation. 
Ulceration and bleeding can be seen in rapidly 
growing, large superfi cial tumors. Tumors in the 
lower dermis and subcutaneous tissue appear 
bluish or have no alteration in color to the over-
lying skin. During involution, the color of the 
tumor fades. 

 IH can be mistaken for other skin stains such 
as capillary malformations. Deep (i.e., subcuta-
neous) IH can be mistaken for VMs or LMs 
because of the bluish discoloration through the 
skin. IH showing high fl ow can be mistaken for 
AVMs, but the age at onset, growth pattern, and 
presence of tumor parenchyma in IH distinguish 
these two lesions. 

 The location of the IH may be associated with 
specifi c problems during the proliferative phase 

  Fig. 14.9    3-phase life cycle of infantile hemangioma 
(IH). The progression of a patient with a “beard area” IH, 
is shown over time. IH also affected the airway (explain-

ing the tracheostomy which was taken down when airway 
tumors involuted). ( a ) Phase 1: proliferative. ( b ) Phase 2: 
involuting. ( c ) Phase 3: involuted       
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when the tumor is rapidly increasing in size. 
Airway obstruction, visual impairment, gastroin-
testinal bleeding, high-output congestive heart 
failure from vascular shunting within large or 
multiple hemangiomas (particularly in the liver), 
and tissue necrosis can potentially occur.  

   Congenital Hemangiomas (CH) 

 CHs are rare and are distinct from IH [ 6 ,  7 ]. They 
arise antenatally and are fully developed at birth. 
They do not usually exhibit postnatal growth 
unless infants are preterm when they will con-
tinue to grow for some time. There are two types: 
the rapidly involuting congenital hemangioma 
(RICH) and the non-involuting congenital hem-
angioma (NICH) (Figs.  14.10 ,  14.11 ,  14.12 , and 
 14.13 ). Clinically, they are quite different. RICHs 
are often impressive protuberant masses, whereas 
a NICH tends to be a fl at to a slightly raised 
rounded skin lesion with telangiectasias and a pale 

surrounding halo. RICHs regress spontaneously 
usually by 12–14 months of postnatal life, 
whereas NICHs persist throughout life. Both are 
hypervascular tumors. Signifi cant arteriovenous 
shunting can occur in the RICH before tumor 
regression which can potentially lead to cardiac 
failure. CHs can potentially be confused with 
vascular malformations; however, their clinical 
features and presence of tumor parenchyma 
provide clues to the antenatal and postnatal diag-
nosis. These tumors, although called hemangiomas, 
are quite distinct from IH. Interestingly, “heman-
giomas” infrequently have features in common 
with both tumor types (IH and CH) in the 
same lesion.

         Infantile Hepatic Hemangioma 

 There are three recognized types of infantile 
hepatic hemangioma (IHH): focal, multifocal, 
and diffuse (Fig.  14.14 ) [ 7 ]. The classical presen-
tation with heart failure, anemia, and hepatomeg-
aly is rare, and certainly not all hepatic 
hemangiomas are life-threatening.

   Focal lesions are single, often large, and pres-
ent antenatally. They do not grow after birth with 
regression usually seen in the fi rst 12–14 months 
of postnatal life (similar to a RICH). 

 Multifocal hepatic hemangiomas have a three- 
phase life cycle, similar to typical cutaneous his. 
Small lesions, even when numerous, can be com-
pletely asymptomatic. Macrovascular shunts, if 
present in the focal and multifocal IHHs, can lead 
to high-output cardiac failure and require emer-
gent catheter embolization, sometimes done as 
staged procedures [ 8 – 10 ]. 

 In focal IHH, the onset of cardiac failure usu-
ally occurs at, or soon after, birth. In multifocal 
IHHs, the onset of cardiac failure may not occur 
for several months after birth. Embolization 
(Figs.  14.15 ,  14.16 , and  14.17 ) should be per-
formed in conjunction with other intensive 
medical support and medical therapy (including 
steroids and beta-blockers to promote tumor 
involution).

     In the diffuse type, most of the liver paren-
chyma is replaced by tumor, typically causing 

  Fig. 14.10    Rapidly involuting congenital hemangioma 
(RICH). Large raised tumor extending across the posterior 
chest and abdominal wall of a baby. The blue periphery is 
due to large draining veins from AV shunting; however, 
infant was not in cardiac failure       
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  Fig. 14.11    Ultrasound RICH. Typical soft tissue tumor containing vascular spaces ( a ). Prominent arterial infl ow ( b ) 
and venous outfl ow ( c ) on Doppler       

  Fig. 14.12    MR and catheter angiogram of cephalic 
RICH. Typical appearances of RICH on MR showing T1 
hypointensity ( a ), T2 hyperintensity ( b ), and diffuse 
contrast enhancement ( c ). Small intralesional hyperin-
tense thrombi present on T1. Catheter angiogram shows 

prominent and tortuous feeding arteries and draining 
veins with staining of tumor parenchyma ( d ). Catheter 
angiography is not required in most RICH tumors unless 
embolization is required       

  Fig. 14.13    Non-involuting congenital hemangioma 
(NICH). Typical appearance of NICH. Flat skin lesion 
with telangiectasias surrounded by a blue/pale “halo” ( a ). 

Ultrasound shows expected subcutaneous hypervascular-
ity of NICH ( b )       
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  Fig. 14.14    Infantile hepatic hemangioma (IHH). The three types of IHH. Focal IHH ( yellow arrowheads ) ( a ) and 
multifocal IHH ( b ) are shown on T2W MR. Post-contrast CT demonstrates diffuse IHH ( c )       

  Fig. 14.15    Catheter angiography    in infantile hepatic 
hemangioma (IHH). (a) and (b) Typical fi ndings in multi-
focal IHH with enlarged aorta above the celiac trunk, 
enlarged hepatic artery, and multifocal hypervascular tumors. 

A femoral approach for catheterization may be diffi cult 
as aortoiliac vessels below the celiac trunk can be small 
especially with signifi cant shunts. In this infant, no 
shunting was evident       

 

 



187

massive hepatomegaly, abdominal compartment 
syndrome, and respiratory compromise. The dif-
fuse type can lead to severe hypothyroidism until 
there is tumor involution as the tumor produces 
type 3 iodothyronine deiodinase which inacti-
vates circulating thyroid hormones. Large thy-
roxine doses are required by these infants. Diffuse 
IHH carries the highest mortality rates, and liver 
transplantation may be required for survival.  

   Tufted Angioma (TA) and Kaposiform 
Hemangioendothelioma 

 These sometimes aggressive and invasive vascu-
lar tumors are often present at birth, but they can 
present later. KHE is usually more extensive than 
TA. The tumors are often located on the trunk, 
shoulder, thigh, or retroperitoneum [ 11 ]. TA 
appears as a red skin plaque and KHE as 

  Fig. 14.16    Angiography of vascular shunts in infantile 
hepatic hemangioma. Arteriovenous shunts (hepatic 
artery/other systemic arteries to hepatic veins) ( a ,  b ), 
 portovenous shunts (portal vein to hepatic vein) ( c ), and 

arterioportovenous shunts (hepatic artery/other systemic 
artery to portal vein to hepatic vein) ( d ) can occur within 
the tumors.  HA  hepatic artery,  SA  systemic artery,  HV  
hepatic vein,  PV  portal vein       
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  Fig. 14.17    Catheter embolization in infantile hepatic 
hemangioma. Coaxial technique with microcatheters 
will improve safety. Particles (e.g., PVA) can be used if 
there are no macroshunts ( a ). Particles can devascularize 

tumor reducing tumor staining ( b ) and preserve main 
 vessels ( c ). When IHH macroshunts are present, proximal 
embolization of feeding vessels with glue ( d )/other agents 
is effective ( e )       
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 violaceous skin lesion (Fig.  14.18 ). MR is 
 excellent at evaluating these rare vascular tumors 
(Fig.  14.18 ). MR typically demonstrates strand-
ing in the subcutaneous tissue in KHE 
(Fig.  14.18 ).

   Tissue biopsy is not always required; however, 
a percutaneous image-guided needle biopsy can 
occasionally be helpful. Histology reveals infi l-
trating sheets of slender endothelial cells with 
positive staining for lymphatic elements. 

   Kasabach–Merritt Phenomenon 
 KMP refers to thrombocytopenia from platelet 
consumption associated with a coagulopathy 

and occurs in KHE and TA only. It does not 
occur in other vascular tumors or any vascular 
malformation. 

 Typically, the thrombocytopenia is severe 
with a platelet count <10,000 × 10/μL (10 × 10 9 /L 
in SI units). A coagulopathy occurs with reduced 
fi brinogen levels are elevated prothrombin and 
partial thromboplastic times. Bleeding is can be 
seen. Treatment for most is medical, as tumors 
may be large and extensive [ 12 ,  13 ]. Supportive 
measures in critical care may be needed. Low-
dose weekly intravenous vincristine and oral 
corticosteroids are usually given. In KMP, the 
mortality is between 20 and 30 %, and tumors 

  Fig. 14.18    Kaposiform hemangioendothelioma (KHE). 
Typical physical appearance of KHE with violaceous 
tumor ( a ). MR (T2) shows hyperintense soft tissue tumor 

with typical subcutaneous stranding from dilated subder-
mal lymphatics ( b ). Selective microcatheter angiography 
shows typical hypervascular tumor with no shunting ( c ,  d )       
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show proliferation into early childhood with 
eventual incomplete regression despite being 
otherwise asymptomatic. Platelet transfusions 
are usually reserved for patients with platelet 
counts <10,000 × 10/μL where there is a risk of 
spontaneous intracranial hemorrhage. Routine 
platelet transfusion is not recommended as this 
can lead to increase in tumor size. 

 Transcatheter arterial embolization using 
polyvinyl alcohol particles (size range 250–
350 μm) can improve the thrombocytopenia 
(Figs.  14.18  and  14.19 ) and may need to be 

repeated. Most patients nowadays, as mentioned 
above, receive low-dose weekly vincristine, and 
catheter embolization is not required. Particle 
embolization should be considered as adjunctive 
therapy if the thrombocytopenia is refractory to 
vincristine and angiogenesis inhibitors (steroids).

       Treatment of Vascular Tumors 

 The majority of IHs do not require specifi c treat-
ment other than observation and reassurance for 

  Fig. 14.19    Catheter embolization of kaposiform heman-
gioendothelioma (KHE). Typical angiographic appear-
ance of KHE with tumor staining ( a ,  b ). For embolization, 

particles (e.g., PVA) are used to devascularize the tumor 
parenchyma, reduce tumor staining, and preserve main 
arterial trunks ( c )       
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the family. Previously, approximately 10 % of 
IHs were treated as they were “endangering” by 
virtue of their location or functional risks, e.g., 
airway compromise or heart failure. Nowadays, 
more infants with cutaneous IHs are treated 
 medically, usually with oral beta-blockers (pro-
pranolol) or angiogenesis inhibitors, mainly cor-
ticosteroids (prednisone), often up until 10–12 
months of age. Intralesional corticosteroid injec-
tion can be undertaken for IHs that cause local 
deformity or ulceration. Ultrasound guidance can 
help target the injection into the solid tumor com-
ponent. Systemic low-dose chemotherapy with 
vincristine (via a central venous catheter or 
PICC) may be considered in challenging cases. 

 In selected patients, surgical excision     may be 
considered. Surgical resection is sometimes 
undertaken for IHs during/after the involuting 
phase and also for NICHs. Nd:YAG lasing with 
epidermal ice cooling has been recommended 
as an option to treat the deeper subcutaneous 
component of IHs. It is important to wait for 
completion of regression of RICHs and com-
pleted involution in IHs before plastic surgery is 
considered to deal with cosmetic issues. 

 Catheter angiography and embolization is 
rarely needed for infants with vascular tumors. It 
can be extremely useful and sometimes lifesav-
ing when endovascular closure of macroshunts 
(Figs.  14.16 – 14.18 ) or devascularization of the 
tumor bed is required (Figs.  14.19  and  14.20 ) 
(Table  14.2 ).

      Practical Tips for Catheter 
Angiography and Embolization 
in Infants with Vascular Tumors 
     1.    Avoid “routine” catheter angiography unless 

combined with embolization (preservation 
of vascular access is vital for repeat 
procedures).   

   2.    Staged embolization may be needed (com-
plex lesions, limited contrast volume).   

   3.    Limit contrast volume to a maximum of 
6  mL/kg/procedure (300 mg/mL iodinated 
contrast). Selective angiography, dilute con-
trast, and minimizing unnecessary nonselec-
tive injections (including aortography) can 
maximize usable contrast.   

   4.    Use the smallest sized vascular introducer 
sheaths and catheters for the procedure (e.g., 
4F sheath, 4F outer coaxial catheter, and 
microcatheter systems).   

   5.    Use US-guided arterial access. For femoral and 
left brachial    artery catheterization in neonates, 
use a 24G angiocatheter, a short 0.014″ wire, and 
3 Fr dilator. Then upsize the guidewire to a short 
0.018″, and then place a 4 Fr vascular introducer 
sheath. For brachial arteries, pass a 0.0014″ or a 
0.018″ wire into the descending thoracic aorta 
advancing over it a 4 Fr angiographic catheter 
preloaded with the microcatheter.   

   6.    For IHH, evaluate shunt type(s). If the arte-
riovenous shunts are supplied solely by the 
hepatic artery (with no portal vein shunting), 
perform nonselective embolization of the 
hepatic artery. Portovenous shunts can be 
closed by transjugular access of the hepatic 
veins to access the portal vein. Alternatively, 
direct transhepatic puncture of the portal 
vein and shunts can be performed.   

   7.    Small femoral arteries and a small infra-celiac 
aorta are challenging for catheterization when 
signifi cant arteriovenous shunts exist in IHH. 
Consider brachial artery approach.   

   8.    Pump inject contrast via a high-fl ow micro-
catheter for abdominal aortography (1 mL/
kg over 2 s) with DSA 6 frames/s and for 
arterioportography via SMA (0.8 mL/kg 
over 4 s) with DSA 4 frames/s.   

   9.    For selective angiography into aortic branches 
and portal vein, use hand injections.   

   10.    Use a coaxial technique (with a maximum 4 
Fr outer catheter) for delivery of embolics.   

   11.    Be familiar with suitable embolic agents. 
Glue, particles, and microcoils should be 
delivered via suitable microcatheters.   

   12.    Do not use ethanol or sodium tetradecyl sul-
fate (STS) for vascular tumor embolization 
as they will cause tissue necrosis. Do not use 
particles for macroshunts.   

   13.    Glue (Histoacryl, B Braun, Aesculap AG, 
Tuttlingen, Germany) should be mixed with 
Lipiodol Ultra Fluid (Guerbert, EZEM, 
Montreal, QC, Canada). See section on AVM.   

   14.    If Amplatzer Vascular Plugs are used (AGA 
Medical Corporation, Plymouth, MN, USA), 
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an AVP 4 is useful as this can be delivered 
via a 4 Fr catheter.   

   15.    In the absence of bleeding, give systemic 
heparin for the procedure (initial 100 units/
kg, repeating every 2 h depending on acti-
vated clotting time).   

   16.    Small arteries can spasm. Use nitroglycerine 
via vascular sheaths prior to removal and if 
needed during the case via the vascular sheath/
angiographic catheter (bolus dose = 3 μg/kg). 
Consider application of topical nitroglycerine 

gel at the brachial artery puncture site after 
the sheath is withdrawn (spread gel using a 
4 mm length of gel/kg).        

   Vascular Malformations 

 The ISSVA classifi cation of vascular malfor-
mations (Table  14.1 ) is based on the fl ow char-
acteristics of the lesion and the vascular channel 
type involved. Lesions are subtyped/secondarily 

  Fig. 14.20    Catheter angiography and embolization in 
proliferative phase infantile hemangioma (IH). Infant 
with large parotid IH. Enlarged infl ow facial artery ( a ), 
intense tumor parenchymal staining ( b ), and enlarged 

draining veins ( c ) typify proliferative IH. Particle emboli-
zation results in signifi cant devascularization  ( d ). N.B. 
most infants with IH do not require catheter angiography/
embolization       
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classifi ed based on the tissue of origin and 
anatomy. The most commonly encountered 
vascular malformations are discussed below. 

   Low-Flow Vascular Malformations 

   Capillary Malformation (CM) 
 CM is the most common vascular malformation. 
They are commonly called “port-wine stains” 
and are frequently located as focal skin stains in 
the head and neck area (Fig.  14.21 ). The low- 
fl ow, cutaneous lesions are fl at and pink-red in 
color and are present at birth. They can be local-
ized or extensive. CMs do not fade and are per-
manent throughout life.

   Syndromic CMs, such as Sturge–Weber syn-
drome (SWS), occur more rarely. In SWS, the 
CM is located on the face and affects the fi rst and 
second trigeminal dermatomes. It is associated 
with ipsilateral leptomeningeal vascular malfor-
mations and cerebral atrophy. In the complex 
combined low-fl ow vascular malformation, KTS, 
the CM commonly affects a lower extremity. 

      Table 14.2    Vascular tumor embolization   

 Vascular 
tumor  Clinical problem     Procedure urgency  Embolic agent     Aim of embolization 

 IHH  Cardiac failure 2°  Emergent  Glue  Selectively close shunts in 
IHH. General tumor 
devascularization in RICH 

 RICH  Vascular shunting within 
the tumor 

 Coils  N.B. IHH shunts can be 
arteriovenous (hepatic artery 
and or other systemic arteries 
to hepatic veins), 
portovenous (portal to 
hepatic veins), 
arterioportovenous, or 
combinations of these 

 Particles 
 Vascular plugs 

 KHE  KMP, platelets <10 × 10 9 /L  Emergent  Particles, e.g., 
PVA 

 Selectively devascularize 
small peripheral arterial 
branches within the tumor. 
Maintain patency of main 
feeding vessels 

 All  Refractory bleeding, e.g., 
from skin, intra-abdominal/
hepatic, and airway lesions 

 Emergent/semi-elective  Glue  General tumor 
devascularization  Coils 

 Vascular plugs 
 Particles 

 Prior to surgical excision of 
tumor 

 Elective 

  Fig. 14.21    Capillary malformation (CM). Typical physi-
cal appearance of CM with fl at red skin stain or “port-wine 
stain” affecting fi rst and second trigeminal dermatomes       
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 The diagnosis of a CM is clinical. No 
imaging is required for diagnosis (unless brain 
imaging is undertaken for those with SWS). 
Treatment of CMs is for cosmesis with fl ash-
lamp pulsed-dye laser therapy being the treat-
ment of choice [ 14 ]. 

 There is no role for interventional radiology in 
the treatment of CMs.  

   Lymphatic Malformation (LM) 
 LMs are made up of cysts containing lymphatic 
fl uid which exhibit low-fl ow characteristics and 
are classifi ed as macrocystic, microcystic, or 
mixed LMs [ 15 ]. Outdated terminology such as 
“cystic hygromas” and “lymphangiomas” should 
no longer be used. 

 The defi nition of macro- and microcysts has 
been inconsistent. Some consider macrocysts to 
be those with cyst cavities visible on imaging, 
whereas microcysts have no visible cyst on 
imaging and are evident only on histopathology. 
However, many consider macrocysts to be those 

with cyst  diameters >1 cm and microcysts with 
cyst diameters <1 cm. Mixed LMs are those with 
both macro- and microcystic elements. 

 LMs often present as localized masses, but 
infi ltrative lesions can be seen. Fluid leakage 
(chylous fl uid in body cavities or weeping from 
skin vesicles) can occur (Fig.  14.22 ). LMs are 
usually noted at birth; however, they can be seen 
at any age including prenatally on imaging. 
Although skin and soft tissues (subcutaneous and 
fascial planes in muscle) are most commonly 
affected, LMs can involve bone and more rarely 
viscera such as the GI tract and lungs. The axil-
lary, thoracic, cervicofacial, mediastinal, retro-
peritoneal, buttock, and anogenital regions are 
commonly affected. Soft tissue and skeletal 
hypertrophy can occur with LMs. Macrocystic 
LMs appear as soft partially compressible 
masses. These can be differentiated from VMs as 
macrocystic LMs show no increase in size on 
dependency and no refi lling after release of 
compression. Lymphedema can occur if there is 

  Fig. 14.22    Lymphatic malformation (LM). Typical 
physical fi ndings in 2 patients. Soft, partly compressible 
swelling of the neck caused by a large macrocystic LM 

( a ). Firm expansion of the wrist with bruising (from spon-
taneous intralesional hemorrhage) in a microcystic LM 
( b )       
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diffuse  infi ltration of subcutaneous tissues. 
Interestingly, infection and intralesional bleeding 
can occur in all types of LMs, leading sometimes 
to alarming expansion of the lesion with pain and 
a red/blue skin discoloration (appearing like a 
bruise). With infection, a clinical presentation of 
cellulitis can be seen. Sepsis has been reported 
when infection occurs in extensive LMs.

   The problems associated with LMs can often 
be related to their location, e.g., proptosis from 
periorbital LMs, airway obstruction in cervicofa-
cial LMs, clear fl uid and bleeding from tongue 
surface LM vesicles, and protein-losing enterop-
athy in GI tract disease. LMs of the extremities 
can be associated with overgrowth and limb 
length discrepancy. In Gorham’s syndrome soft 
tissue and skeletal LMs with progressive osteol-
ysis, pathological fractures and vertebral insta-
bility can occur. 

   LM Imaging 
 LMs are best imaged by US and MRI (Figs.  14.5  
and  14.6 ) [ 4 ]. MR better documents the full 
extent of deeper, larger, and more complex LMs. 
Macrocystic structures on US and MR are easily 
seen when cysts are larger than 1 cm in diameter. 
Microcystic LMs may only have cysts seen on 
histopathology and often appear as predomi-
nantly solid lesions with no identifi able cysts on 
imaging. LMs on MRI appear hypointense on T1 
and hyperintense on T2 (because of high water 
content). Macrocystic LMs show septal contrast 
enhancement. Microcystic LMs may not show 
contrast enhancement or ill-defi ned enhance-
ment of the entire lesion. Fluid-fl uid levels in 
cysts are due to layering of protein or blood. 
Enlarged or anomalous venous channels can 
sometimes be seen in close proximity to LMs. 
Contrast lymphangiography can identify abnor-
mal lymphatic channels and leaks in those lym-
phatic anomalies of the thoracic duct and in 
patients with chylous effusions.  

   LM Treatment 
 The indications for treatment of LMs include 
troublesome symptoms with recurrent swelling, 
pain, infections, functional impairment, leakage 
of fl uid from the LM into body cavities/skin, and 
cosmesis. Treatment options include injection 

sclerotherapy, surgical interventions, laser 
 techniques, conservative measures, and combina-
tions of these [ 16 ,  17 ]. Recently, medical therapy 
with rapamycin and sildenafi l has been suggested 
for selected patients [ 18 ,  19 ]. Focal and macro-
cystic lesions can be treated by both sclerother-
apy and resection with excellent results [ 17 ,  20 ]. 
The advantages of sclerotherapy for macrocystic 
LMs include avoidance of surgical scars, reduced 
risk of neurovascular injury, and uneventful 
recoveries in most (Fig.  14.23 ). Diffuse and pre-
dominantly microcystic LMs are diffi cult to erad-
icate although sclerotherapy can offer some 
reduction in lesion size, depending on the num-
ber of cysts that can be injected [ 17 ]. Surgical 
resection of complex and microcystic LM can be 
benefi cial and usually needs to be well planned 
and staged. The recurrence rate however post sur-
gery for this type of LM is approximately 40 % 
and is due to regrowth and or re-expansion of 
residual disease. Scars from multiple surgeries 
are not uncommon and themselves can lead to 
problems including disease developing along 
scar edges. It has been suggested that sclerother-
apy of the resection cavity may help reduce dis-
ease “recurrence.”

   It has been diffi cult to compare treatment out-
comes from surgery and injection sclerotherapy. 
Invariably, surgical results are based on cosmetic 
appearances with no postsurgical imaging to 
assess deep residual disease. 

 Intralesional bleeding causing sudden enlarge-
ment of LMs and pain can be treated conserva-
tively with analgesics. LM enlargement occurring 
with systemic viral/bacterial infections usually 
resolves without specifi c treatment. Bacterial 
infections occurring in the LM resulting in a 
“cellulitis- like” presentation with reddening, 
enlargement, hardening, and pain require appro-
priate antibiotics, often intravenous. Rarely are 
long-term prophylactic antibiotics required. 
Good pain management may be required for 
those with extensive disease suffering trouble-
some pain.  

   LM Sclerotherapy 
   Pre-procedure Work-Up 
 No special pre-procedure work-up is needed. 
Most injection sclerotherapy procedures are done 
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with ultrasound guidance. Fluoroscopic or CT 
guidance is rarely needed for LM sclerotherapy 
unless drains are placed/challenging locations are 
treated (as with mediastinal/intrathoracic/intraos-
seous disease).  

   Procedure 
 Cysts to be treated are evaluated with US, the 
patient is placed in an optimum position to access 
the cysts, and the skin is prepped. Cysts are then 

punctured with a 21 or 22 gauge needle (sheathed 
or non-sheathed) using US guidance. Fluid is 
aspirated and sclerosant injected. Small drains 
can be placed into one or more of the larger 
macrocysts with ultrasound guidance, and cyst 
fl uid aspirated before sclerosant is injected 
(Fig.  14.23 ). Sclerosant agents used for 
LM sclerotherapy include doxycycline (APP 
Pharmaceuticals LLC, Schaumburg, IL, USA), 
3 % STS (Omega, Montreal, QC, Canada), 

  Fig. 14.23    Lymphatic malformation (LM) sclerother-
apy. Large macrocystic chest wall LM present at birth ( a ). 
Ultrasound-guided needle puncture ( b ) and drain place-
ment for doxycycline sclerotherapy ( c ). Three treatment 

sessions performed with excellent sclerotherapy result. 
No residual LM was seen on 18-month follow-up US 
scan. Signifi cant tissue expansion caused by the large LM 
results in excess skin folds at 18 months ( d )       
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 ethanol or dehydrated alcohol 100 % (Sandoz 
Canada, Boucherville, QC, Canada), and bleo-
mycin (Hospira, Saint-Laurent, QC, Canada). 

 Doxycycline solution is used at a concentra-
tion of 10 mg/mL. Approximate maximum doses 
of doxycycline for one treatment session are 
300 mg in babies and 1,200 mg for children 12 
years and older. When using doxycycline, half 
the volume of the aspirated fl uid is replaced with 
the doxycycline solution. Some cysts visible on 
ultrasound are too small to be aspirated, and 
therefore a small volume of doxycycline is 
injected into each cyst. When drains are placed 
into larger macrocysts (>5 cm diameter), a 4 Fr 
micropuncture access is useful. Over the 0.0018″ 
wire, exchange the 4 Fr dilator for a short 5 Fr 
drain (e.g., 5 Fr Duan drain (COOK Medical, 
Bloomington, IN, USA)). Larger and longer 
drains may be required. All cyst fl uid is aspirated, 
and again half the volume is replaced with doxy-
cycline. Irrigation of those cysts with a drain, ini-
tially with 3 % STS liquid, may add to the 
effectiveness of the doxycycline. Drains should 
be closed for 6 h post sclerosant injection and 
then opened. Repeat sclerosant (STS and doxy-
cycline) injection is done the following day under 
general anesthesia or sedation, and drains again 
are switched off for 6 h. After aspiration, the 
drains are removed and the patient can be dis-
charged. LM sclerotherapy results in scarring and 
cyst collapse and may need to be repeated at 
6-week intervals. For well-localized macrocystic 
LMs, sclerotherapy can be curative. For more dif-
fuse and complex LMs, sclerotherapy can lead to 
much improvement, and treatments usually need 
to be staged. Weeping or bleeding from cutane-
ous vesicles can be controlled with local injec-
tion sclerotherapy, although leakage generally 
resumes after a short interval. 

 Bleomycin has been shown to be effective in 
many patients with LMs [ 21 – 23 ]. However, as 
results of doxycycline sclerotherapy for macro-
cystic LMs are excellent, bleomycin potentially 
offers an option for microcystic LMs. Because of 
reduced postsclerotherapy swelling seen with 
bleomycin, it has advantages for usage in loca-
tions such as the oral cavity, airway, and orbit. 
The amount of bleomycin injected is determined 
by the size of the LM. Bleomycin solution is used 

at a concentration of 1 mg/mL. A suggested 
maximum intralesional dose per treatment is 
1 mg/kg or 15 mg (15 units). 

 Most LM sclerotherapy is done as an elective 
day-case procedure. Patients are monitored in hospi-
tal for up to 4 h during which time-repeated observa-
tions of the treated area are made. Admission may 
be needed in young infants or if the LM requires 
drainage and repeat injections the following day. 
Elective intensive care admission is needed if the 
LM is located in challenging areas such as the 
thoracic oral cavity or airway. As Bleomycin is asso-
ciated with less post-sclerotherapy swelling, this 
can be an advantage when treating certain locations 
such as the tongue. Using Bleomycin may avoid the 
need for intensive care post-sclerotherapy.  

   Post-procedure Care 
 Following sclerotherapy, some swelling of the 
treated area is expected. Signifi cant pain is unex-
pected and should be managed appropriately. 
Complications are unusual and unexpected fol-
lowing LM sclerotherapy. Infrequent self-limited 
minor bleeding can be seen into the treated cyst 
(during the procedure or shortly after). Rarely, 
skin injury with necrosis is seen with doxycycline 
and occurs with overfi lling of superfi cial cysts. 

 At the time of discharge, the patient should be 
systemically well. Signifi cant swelling at the 
treated site is unexpected. Provided the patient is 
otherwise well, tissue swelling does not preclude 
discharge from hospital. Patients must be able to 
swallow suffi cient fl uids and have stable and satis-
factory vital functions, and minor pain must be 
easily controlled with oral analgesics prior to 
discharge. All patients should be aware of the fol-
low- up arrangements and be provided with a con-
tact should unexpected problems arise. Crutches 
or a walker for younger children may be required 
for a few days if treatment temporarily impairs 
mobility before swelling resolves. We generally 
caution against exercise for 2 weeks postsclero-
therapy to avoid trauma to the treated area.  

   Follow-up 
 Repeat LM sclerotherapy is performed approxi-
mately every 6 weeks. Patients with small lesions 
are reviewed clinically and with US ahead of the 
next planned treatment. Once treatment is 
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 completed (shown by signifi cant improvement 
on physical examination), outpatient clinical fol-
low- up is arranged at 3 and 12 months when 
imaging can be repeated. If all is well, patients 
are then seen at infrequent intervals (every few 
years) throughout childhood. Patients are aware 
that sudden expansion of the LM may demand 
attendance at emergency and particularly if there 
is evidence of localized infection and cellulitis, 
as these require antibiotic treatment.  

   Practical Tips for LM Sclerotherapy 
     1.    Use US and avoid routine fl uoroscopic guid-

ance for most procedures.   
   2.    Use US to guide punctures and for real-time 

imaging during cyst injection.   
   3.    Routine iodinated contrast injection (includ-

ing mixing of iodinated contrast with doxy-
cycline solution) is not required in most 
cases.   

   4.    Contrast injection is done if there are con-
cerns about associated venous malforma-
tions or phlebectasia.   

   5.    The types/lengths of needle used for cyst 
access is dependent on lesion location/depth.   

   6.    LMs can have variable intercommunications 
between cysts (irrespective of cyst size).   

   7.    With cyst intercommunication, ultrasound 
shows movement of the injected sclerosant 
solution into adjacent cysts.   

   8.    It is often diffi cult to aspirate fl uid from all 
cysts that intercommunicate by one punc-
ture. The fi lling volume in intercommunicat-
ing cysts is inaccurate based on aspirated 
volume, and it is best to judge the fi lling vol-
ume by continuing to inject the doxycycline 
until there is slight resistance or the maxi-
mum dose is reached.   

   9.    Consider drain placement into smaller 
 macrocysts when signifi cant cyst intercom-
munications are seen. The drain (as when 
treating a large macrocyst) can be opened 
after 6 h and used for possible repeat scle-
rosant injection the following day.   

   10.    Secure all drains well. No sutures are needed. 
Adhesive transparent dressings and external 
securement devices are usually successful.   

   11.    When treating microcystic disease by injection 
sclerotherapy, it is useful to consider how 
much of the disease contains cysts  suitable 
for injection (i.e., visible on ultrasound). With 
few small microcyst cavities visible on US, 
reduction in lesion size may be limited.   

   12.    Lingual microcystic LMs are challenging. 
Bleomycin can be injected into the tongue. 
In babies, microcystic LM of the tongue can 
be injected with bleomycin (0.5 mg/kg/ 
session every 3 weeks and review after 
 several sessions).         

   Venous Malformations (VM) 

 VMs are the most frequent vascular malforma-
tion referred to vascular anomaly clinics and the 
most frequent vascular malformation treated by 
pediatric interventional radiologists (Fig.  14.24 ). 
They are low-fl ow lesions and consist of sinusoi-
dal venous spaces with thin walls, abnormal 
smooth muscle cells, and variable communica-
tions with adjacent veins. In glomuvenous mal-
formations (a VM variant), the vascular channels 
are lined by glomus cells [ 24 ].

   VMs can arise anywhere in the body and may 
involve all tissue planes. Commonly, they are 
seen in the skin and soft tissues [ 3 ,  25 ]. Forty per-
cent affect the head and neck, 40 % affect extrem-
ities, and the remainder the trunk. Visceral 
involvement can occur. They grow in proportion 
to the patient and show no regression. 

 VMs may be evident at birth or, more 
 commonly, become apparent and sometimes 
symptomatic with pain and swelling later in 
childhood. Their appearance is variable including 
varicosities, phlebectasias, discrete spongy 
masses, or complex channels permeating tissues 
and organs (Fig.  14.24 ). 

 Most occur sporadically and are unifocal 
though some are multifocal or diffuse. Diffuse 
VMs commonly affect an entire extremity. On 
physical examination, they appear as soft, bluish 
compressible lesions, showing refi lling with 
release of compression and increasing in size 
with dependency or during a Valsalva maneuver. 
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 Up to 42 % show a localized intralesional 
coagulopathy, which is severe in approximately 
4 % and seen particularly in those with diffuse 
intramuscular involvement (where signifi cant 
elevated  d -dimer and low fi brinogen levels can 
be detected in peripheral blood) [ 26 – 28 ]. 
Intralesional thrombosis occurs sometimes asso-
ciated with acute pain. 

 Associated muscle wasting can be evident in 
those with diffuse disease. Involvement of bones 
and joints may lead to pathological fractures, 
recurrent hemarthroses, and arthritis with osteo-
articular changes similar to hemophilia. In 
patients with a diffuse type of VM, pulmonary 
hypertension has been recently reported; 
 however, it is unclear if this is due to recurrent 
silent pulmonary emboli [ 29 ]. 

 VMs can occur throughout the gastrointestinal 
tract and are often multiple. When associated 
with VMs of the pelvis and perineum, they are 
more commonly located in the descending colon 
and rectum. Gastrointestinal bleeding, typically 

chronic, can cause anemia. In the “blue rubber 
bleb nevus” syndrome, multifocal VMs are seen 
in the skin (typically on the palms of the hands 
and soles of the feet) and soft tissues in addition 
to the gastrointestinal tract. The diagnosis of gas-
trointestinal involvement is best made by endos-
copy (including wireless capsule endoscopy). 
Surgical and endoscopic treatment options should 
be considered for gastrointestinal VMs if bleed-
ing is problematic. 

   VM Imaging 
 VMs are best imaged with US and MRI 
(Figs.  14.3  and  14.4 ) [ 4 ]. US can assess super-
fi cial and focal lesions. US typically shows a 
localized lesion with anechoic channels that are 
compressible and refi ll with release of trans-
ducer pressure. Variable solid elements within 
the lesion and sometimes hyper-refl ective 
phleboliths can be seen. MR is highly tissue 
specific, with T1 hypointensity, T2 hyperin-
tensity, and nonuniform lesional enhancement 

  Fig. 14.24    Venous malformation (VM). Typical physical 
fi ndings in 2 patients. Large periscapular VM with blue 
compressible swelling and network of dilated veins ( a ). 
VM of hand with blue compressible swelling of the palm 

and second to fi fth fi ngers ( b ). The hand swellings could 
be emptied by compression/arm elevation and refi ll on 
release of compression/arm lowering       
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post contrast. T1 intralesional high signal is due 
to thrombi. Phleboliths (calcifi ed thrombi) 
within VMs are seen as signal voids on T2 
imaging. Phleboliths distinguish VMs from 
tumors and all other vascular malformations. 
The pattern of contrast enhancement distin-
guishes VMs from LMs. 

 Direct puncture venography (to characterize 
the VM) is undertaken at the time of injection 
sclerotherapy. Rarely, conventional venography 
of functional veins may be required.  

   VM Treatment 
 The indications for treatment of VMs include 
pain, swelling, functional impairment, bleeding 
(hemarthroses, gastrointestinal, and genitouri-
nary), and cosmesis. Treatment options include 
injection sclerotherapy, laser techniques (usually 
endovenous), surgical interventions, conservative 
measures, and combinations of these [ 28 ]. 
Treatment for most VMs is not curative; how-
ever, most patients gain symptomatic relief. 

 Intralesional sclerotherapy is the mainstay of 
treatment for most VMs [ 3 ,  30 ,  31 ]. Glue injec-
tion into VMs is an alternative to sclerosant injec-
tion when postinjection surgical excision is 
planned. Sclerosants cause an intense infl amma-
tory response, which can be potentially challeng-
ing in the early post-sclerotherapy period for 
the surgeon in the early post-sclerotherapy 
period [ 32 ]. 

 For extensive VMs of the extremities, conser-
vative management with graded compression 
stockings can achieve signifi cant symptom 
improvement, provided they are correctly fi tted, 
deliver adequate compression, are worn daily  
and replaced regularly (3–4 times/year). 
Compression garments will also improve the 
abnormal coagulation indices. 

 In patients with troublesome pain from intral-
esional thrombosis (when  d -dimer levels are ele-
vated >3 times normal), low-molecular-weight 
heparin (LMWH) can be considered and needs to 
be given by subcutaneous injection twice daily 
for several weeks, often resulting in excellent 
pain relief.  d -dimer and fi brinogen levels are 

determined when patients have pain; large, 
extensive lesions; or blue rubber bleb syndrome.  

   VM Sclerotherapy 
   Pre-procedure Work-Up 
 With the exception of tiny, solitary VMs,  d -dimer 
and fi brinogen levels are obtained for most patients 
prior to sclerotherapy or surgery. Otherwise, no 
special pre-procedure work-up is needed. 

 Most procedures are done with US guidance. 
If sclerotherapy is limited to small cutaneous ves-
sels only, direct puncture without image guidance 
may be suffi cient (“offi ce sclerotherapy”). CT 
guidance is rarely needed for VM sclerotherapy 
unless challenging locations are treated as may 
occur with mediastinal, intrathoracic, or intraos-
seous disease.  

   Procedure 
 The lesion or part of the lesion to be treated is 
evaluated with US, the patient is placed in an 
optimum position to access the VM, and the skin 
is prepped. 

 To enlarge the VM to aid puncture, reducing 
outfl ow in an extremity VM can be done with an 
external tourniquet or for head/neck/shoulder 
areas by placing the patient in a Trendelenburg 
position. 

 The VM is then punctured with a 20–22 gauge 
needle (sheathed or non-sheathed). Multiple nee-
dles can be placed throughout the VM at varying 
depths and locations (Fig.  14.25 ). Backfl ow of 
venous blood must be seen before proceeding 
further. With extremity VMs, the tourniquet is 
defl ated, and direct venography (using low frame 
rate DSA at 2 frames/s) is done at each puncture 
site within the VM (Fig.  14.26 ). The purpose of 
direct puncture venography is to assess the endo-
luminal morphology of the VM (Figs.  14.26 , 
 14.27 , and  14.28 ), determine its fi lling volume, 
and estimate the fi lling volume before possible 
escape is observed into functional veins. Provided 
the direct puncture venograms are satisfactory, 
sclerosant is injected at each puncture site with-
out a tourniquet (using “road mapping” to reduce 
dose) (Fig.  14.26 ).
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      Sclerosant agents used for intralesional 
 sclerotherapy into VMs include 3 % STS (sodium 
tetradecyl sulphate) as a foam, ethanol, and bleo-
mycin. STS and ethanol cause endothelial dam-
age, thrombosis, scarring, and reduction in size 
of the VM. Three percent STS has gained popu-
larity in usage due to reports of fatalities and 
major systemic complications associated with 
ethanol. The maximum doses at any one treat-
ment should not exceed 0.5 mL/kg 3 % STS liq-
uid or 1 mL ethanol/kg body weight.    STS can be 
easily made into a foam by agitating an equal 
volume of liquid and air. The injected sclerosant 

may be opacifi ed with contrast; however, the 
foam itself acts as a “negative contrast.” 
Occasional closure of large venous channels 
within the VM or draining the VM can be done 
using coils, glue, and endovenous laser. 

 Stasis in a VM is needed before bleomycin is 
injected to reduce washout of bleomycin. This can 
easily be done by injecting a small volume of 3 % 
STS foam immediately before the bleomycin. 
A suggested maximum intralesional dose of bleo-
mycin per treatment is 1 mg/kg up to 15 mg (15 units). 

 Most VM sclerotherapy is done as an elective 
day case. Patients are monitored in the hospital 

  Fig. 14.25    Venous malformation (VM) sclerotherapy. 
Upper lip VM ( a ). Multiple punctures of the VM are made 
with 23 gauge butterfl y needles ( b ). Good backfl ow of 
blood was obtained from all needles, direct puncture 

venography done, and sclerosant injected using 3 % STS 
foam and bleomycin. Two treatment sessions performed 
with an excellent postsclerotherapy result ( c )       
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  Fig. 14.26    Venous malformation (VM) sclerotherapy. 
Intramuscular thigh VM. Ultrasound (US) guides success-
ful puncture of the venous channels using 20 gauge 
sheathed needles ( a ). After backfl ow of blood is obtained 

from the needles, direct puncture venography is done 
through all punctures ( b ,  c ). Sclerosant (3 % STS foam) is 
injected through needles showing satisfactory fi lling of 
the VM by negative contrast ( d )       

  Fig. 14.27    Venous malformation (VM) venography. 
Patient with varicose type VM in upper extremity with 
long dysplastic nonfunctional channels. Venography is 
important in these VMs to identify the dysplastic non-
functional channels and communications between these 
and the functioning veins. If there is signifi cant fl ow 

through communications, external tourniquets may be 
required. If this fails, then using a multi-needle technique 
(Fig.  14.28 ) or endovascular glue and coil embolization 
(Fig.  14.29 ) may be required to control this outfl ow allow-
ing successful sclerotherapy       
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for up to 4–6 h during which time the treated 
area is repeatedly assessed for skin change, dis-
coloration, or blistering. Young infants are 
usually admitted overnight. Elective intensive 
care admission is needed if the VM to be treated 
is located in challenging areas such as the oral 
cavity including tongue or airway. In patients 
with disease involving entire extremities needing 
sclerotherapy to multiple locations, consecutive 
daily treatments over 2–3 days can be done pro-
vided the same location is not treated twice. For 
example sclerotherapy may be done to the upper 
arm on day 1, the forearm on day 2, and the hand 
on day 3, if needed.  

   Post-procedure Care 
 Following sclerotherapy, local swelling is 
expected and ensues immediately and progresses 
over several hours (eventually subsiding by 5–7 
days) [ 32 ]. Pain should be managed appropri-
ately. Signifi cant pain after STS administration is 
not expected. Local tissue injury with skin and 
mucosal blistering is not uncommon and can be 
seen before the patient leaves the procedure room 
or within 24 h of the injection. Polysporin oint-
ment should be used on skin blisters for 1-week 
post treatment. Tissue ulceration may rarely 
occur and should be managed in conjunction 
with plastic surgery. 

 Hydration is important post procedure to 
 minimize the effects of hemoglobinuria which fre-
quently occurs with STS/ethanol [ 33 ,  34 ]. Oral 
fl uids are encouraged along with twice normal IV 
fl uid maintenance given routinely for 4 h post pro-
cedure. Hemoglobinuria is managed by additional 
hydration with IV and oral fl uids, intravenous 
furosemide, and occasional urine alkalinization 
with a sodium bicarbonate intravenous infusion. 
Measuring urine output as well as observing urine 
color during the hospital post- procedure stay is 
important. All complications (Table  14.3 ) require 
close observation and  follow- up [ 33 ].

   At the time of discharge, the patient should be 
systemically well. Tissue swelling is expected 
and does not itself preclude discharge. For exam-
ple, a patient may not be able to open the eyelids 
when a VM of the forehead, eyebrow, or upper 
cheek is treated and if otherwise well can be dis-
charged. Patients    must be able to swallow suffi -
cient fl uids, have stable and satisfactory vital 
functions, and have normal urine output and 
color prior to discharge, and minor pain should 
be easily controlled with oral analgesics. Crutches 
or a walker for younger children may be required 
for a few days if treatment temporarily impairs 
mobility before swelling resolves. We generally 
caution against exercise for 2 weeks post 
 sclerotherapy to avoid trauma to the treated area. 

  Fig. 14.28    Outfl ow control from venous malformation 
(VM). Direct puncture venography shows outfl ow 
between the VM and functioning veins ( a ). This is reduced 
by placing multiple needles into the VM. Contrast and 

sclerosant can preferentially escape through these 
opened needles when one is injected, reducing outfl ow 
into functioning veins ( b )       
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 All patients should be aware of the follow-up 
arrangements and be provided with a contact if 
unexpected problems arise.  

   Follow-up 
 The aim of sclerotherapy is symptom relief and 
not necessarily signifi cant reduction of VM dis-
tribution as shown on imaging, although the latter 
can sometimes be seen. VMs have a propensity 
for recanalization and re-enlargement. Therefore, 
repeat injection sclerotherapy treatments are 
needed in many patients. Repeat VM sclerother-
apy is done approximately every 6 weeks. Those 
patients with small lesions are reviewed  clinically 
and with US ahead of the next planned treatment. 
Once treatment is completed (shown by signifi -
cant improvement in symptoms and sometimes 
fi ndings on physical examination), outpatient 
clinical follow-up is arranged at 3 and 12 months 
and then at infrequent intervals (every few years) 
throughout childhood. Routine follow-up imaging 
post sclerotherapy is not always  performed as it is 
well known that lesion residue persists despite 
symptom improvement. Repeat imaging however 

is always done when symptoms persist despite 
adequate treatment or when further treatment is 
required.  

   Practical Tips for VM Sclerotherapy 
     1.    Prepare patients for expected outcomes 

which include tissue swelling, skin staining, 
and sometimes skin/mucosal blistering.   

   2.    Check plasma  d -dimer and fi brinogen levels 
in all patients with pain, those with diffuse 
VMs and blue rubber bleb nevus syndrome, 
and all undergoing sclerotherapy and sur-
gery. If fi brinogen is <1 g/L, LMWH is 
required pretreatment to reduce intraproce-
dural bleeding.   

   3.    Elevated  d -dimer most likely is due to intral-
esional thrombosis within the VM rather 
than a deep venous thrombosis in functional 
veins.   

   4.    Extremity tourniquets are not required for 
most sclerosant injections.   

   5.    Tourniquets need to be used with caution as 
complications can occur. Unexpected redi-
rection of blood fl ow including arterial refl ux 
may occur with devastating tissue necrosis.   

   6.    When using a tourniquet and its position or 
pressure is altered, venography should be 
repeated to reassess venous fl ow prior to 
sclerosant injection.   

   7.    Tourniquets can be placed above and below 
the VM to occlude outfl ow, and if used 
during sclerosant injection, the tourniquet 
should be applied close to the VM to mini-
mize sclerosant stasis and deep venous 
thrombosis in communicating deep veins.   

   8.    Limiting the outfl ow from the VM into func-
tional veins can also be achieved by place-
ment of multiple needles into the VM 
(Fig.  14.28 ), coil embolization (Fig.  14.29 ), 
glue embolization, and endovascular laser 
(using, e.g., diode laser). (One of the editors 
(FM) has used the ClariVein catheter (Vascular 
Insights, New Haven, USA) for venous out-
fl ow embolization in VM therapy.)

       9.    Flow characteristics of sclerosant foam dis-
persal through a VM differ to that of liquid 
contrast. Meticulous road mapping and 
injection using DSA during sclerosant foam 
injection are required.   

    Table 14.3    Potential complications of ethanol and 
sodium tetradecyl sulfate   

 1. Sclerosant effects 
 Local tissue injury (blisters, tissue necrosis, 
neurologic injury and paralysis, compartment 
syndrome) 
 Hemoglobinuria 
 Venothromboembolic events 
 Metabolic complications (e.g., acidosis, 
hypoglycemia)* 
 Cardiorespiratory events (respiratory depression, 
cardiopulmonary collapse, arrhythmias)* 
 Seizures* 
 Perilesional fi brosis (muscle) 

 2. Coagulation derangement 
 3. Procedure + device risk (from catheters and 

implantable devices, e.g., embolic and occlusion 
devices) 

 4. Inadvertent embolization (of blood clots and embolic 
agents, e.g., glue) 

 5. Age-related risk (CNS susceptibility to alcohol in 
neonates)* 

  Regarding the sclerosant effects, (*) denotes effects 
observed with alcohol, whereas all other effects can be 
seen using both sclerosants  
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   10.    Caution with “polypharmacy sclerotherapy.” 
Do not add a second sclerosant (STS/etha-
nol) at any one site during the same treatment 
session if the maximum dose of the initial 
sclerosant (STS/ethanol) has been reached. 
Tissue swelling and tissue injury risk 
increases, including compartment syndrome.   

   11.    Caution with unfamiliar or complex ana-
tomic territories, e.g., paraspinal area. 
Meticulous venography is needed to ensure 
there is no communication with epidural 
veins prior to sclerosant injection.   

   12.    Consider techniques to reduce the VM 
 volume to improve the effectiveness of 
sclerotherapy when large “lake like” channels 
are present. Surgical compartmentalizing or 
 compression of the VM by suturing the VM 
or endovascular coil/guidewire placement 
into the VM (by direct puncture or transve-
nous catheter) can be undertaken.   

   13.    Consider localized sclerotherapy for patients 
with diffuse extremity VMs who have local-
ized pain, despite compliance with compres-
sion garments and treated with LMWH.   

  Fig. 14.29    Outfl ow control from venous malformation 
(VM). Intramuscular thigh VM ( a ). Multiple puncture 
venograms into the VM showed prompt drainage between 
the VM and the femoral vein despite an external tourni-
quet. One direct percutaneous puncture showed fi lling of 

a saccular channel with rapid outfl ow into the femoral 
vein ( b ). The sac was catheterized ( c ), an angiographic 
catheter advanced and coil embolization of the communi-
cation was done ( d ). Other communications were simi-
larly closed, allowing for safe sclerosant injection ( e )       
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   14.    Direct interstitial laser by percutaneous 
access directly into the VM (using, e.g., 
Nd:YAG) can provide an alternative to scle-
rosant injection.   

   15.    Presurgical sclerotherapy is an option as it 
reduces the size of the VM and decreases 
bleeding during resection.   

   16.    Patients undergoing sclerotherapy of intra-
muscular VMs will benefi t from physiother-
apy as sclerotherapy induces perilesional 
fi brosis. Stretching exercises, night splints, 
and surgical tendon release may be required 
to augment sclerotherapy.        

   High-Flow Vascular Malformations 

   Arteriovenous Malformations 
and Arteriovenous Fistulas 
 AVMs are high-fl ow vascular malformations that 
are very different to the more common low-fl ow 
vascular malformations [ 3 ]. This section focuses 
on the treatment of peripheral AVMs. Pulmonary 
AVMs are discussed in Chap.   7    . Treatment of 
congenital arteriovenous fi stulas (AVFs) is simi-
lar to that of AVMs. Differences in AVM and 
AVF treatment will be highlighted where 
applicable. 

 AVMs are characterized by a precapillary arte-
riovenous shunt, the so-called “nidus”. Often 
 multiple nidi are present in AVMs. The nidus is 
made up of a network of small vascular channels 
and differentiates AVMs from congenital AVFs, 
which are also high-fl ow vascular malformation 
with precapillary shunts but no nidus. AVFs single 
or multiple shunts. The appearance of complex AVF 
shunts may be confused with nidi from an AVM. 

 AVM shunts can be localized or extensive and 
commonly involve the extremities, trunk, and 
viscera. These lesions do not respect tissue 
boundaries, and AV shunting can occur in soft 
tissues and bone. 

 AVMs usually undergo slow progression in 
stages over many years, and during childhood, 
the AVM grows in proportion with the child. 
Schobinger staging (Table  14.4 ) is a clinically 
based severity scoring system and should be used 
for all peripheral AVMs. At birth, AVMs appear as 
a pink cutaneous skin stain and can be mistaken 

for a CM or the premonitory sign of an infantile 
hemangioma. However, high fl ow from AV shunt-
ing is present beneath the vascular skin stain, and 
this can easily be detected with Doppler ultra-
sound. The high fl ow is characterized clinically 
by increased growth and warmth of the affected 
body part, bruits, thrills, arterial aneurysms, and 
enlargement of draining veins (Fig.  14.30 ). These 
features become progressively evident through-
out childhood. AV shunting can be confi rmed by 
using continuous wave Doppler. Tissue ischemia, 
from AV shunting, results in pain and tissue 
necrosis with ulceration and bleeding (Fig.  14.30 ). 
High-output cardiac failure can be seen in those 
with signifi cant shunts in large extensive AVMs. 
It is well recognized that puberty, pregnancy, and 
local trauma (including iatrogenic trauma) can 
trigger rapid expansion in these lesions with 
increased shunting. Proximal surgical ligation or 
proximal arterial embolization of feeding arteries 
will result in nidi recruiting a vascular supply 
from adjacent territories.

    Functionally, AVMs and AVFs can have simi-
lar effects such as ischemia, ulceration, tissue 
necrosis and cardiac failure. 

   Imaging/Angiography 
 AVMs are best imaged noninvasively by MR 
including MRA [ 35 ]. Infl ow arteries are enlarged, 
tortuous, and sometimes aneurysmal. Outfl ow 
veins are enlarged and tortuous. Numerous fl ow 
voids are evident on spin echo sequences. The 
high density of vessels is easily demonstrated 
including the nidi. MR provides an excellent 
overall map showing the distribution of the 

    Table 14.4    Schobinger clinical severity score of periph-
eral AVMs   

 Stage 1  Quiescent stage 
 Clinical features: warm vascular stain in skin 
mimicking a capillary malformation 

 Stage 2  Expansion stage 
 Clinical features: lesion warmer, bruits and 
thrills are present, and lesion is enlarging 

 Stage 3  Destructive stage 
 Clinical features: ulcers, hemorrhage, bone lysis, 
and pain 

 Stage 4  Cardiac decompensation stage 
 Clinical features: onset of cardiac failure from 
overload 
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 disease and the tissues involved by the shunts. An 
important imaging feature is that in AVMs there 
is no evidence of a parenchymal tumor, which 
allows differentiation from vascular tumors 
which may exhibit high fl ow and AV shunts. Soft 
tissue edema in AVMs can be seen on MR sur-
rounding the AV shunts. 

 Details of shunt morphology and their venous 
drainage are better assessed by catheter angiogra-
phy and direct puncture techniques (Figs.  14.8 , 
 14.31 ,  14.32 , and  14.33 ).

     Catheter angiography remains the gold stan-
dard in imaging however is not required until 

treatment is needed (and is usually done at the 
time of the fi rst embolization). The initial catheter 
angiogram, for example, on a patient with a 
peripheral AVM should include “global” as well 
as “selective” angiography (Figs.  14.8  and 
 14.31 ). For extremities, “global angiography” 
means leaving the angiographic catheter in a high 
brachial or common femoral artery location for 
injection during image acquisition. Image acqui-
sition should avoid bolus chasing so as to image 
all AV shunt. Multiple injections may be needed 
to cover the entire extremity. Always use a 
pump injection for global angiography. Selective 

  Fig. 14.30    Peripheral arteriovenous malformation 
(AVM). Typical physical fi ndings in 3 patients. Tissue 
overgrowth with prominent draining veins ( a ), pulsatile 

arterial aneurysms ( arrows ) ( b ), and skin ulceration ( c ) 
are all clinical features of AVMs       

  Fig. 14.31    Shunt (nidi) identifi cation in arteriovenous 
malformation (AVM). Global catheter angiography can 
demonstrate shunts ( a ); selective catheter angiography is 
needed to evaluate these in detail for embolization. In this 

patient with an upper extremity AVM, nidi in the soft tis-
sues of the distal forearm ( b ) and palm ( c ,  d ) were evalu-
ated by selective catheterization of the interosseous ( b ), 
radial ( c ), and ulnar arteries ( d )       
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angiography is done by advancing the catheter 
(sometimes using a microcatheter coaxially) to 
allow assessment of shunts in greater detail in 
preparation for embolization. Selective angio-
grams may be pump/hand injected. Hand injec-

tion may suffi ce if vessels are small and rate of 
injection can match fl ow to provide excellent 
opacifi cation. Inject each contrast bolus over 2 s 
and acquire images using DSA at 3 frames/s. 
Diagnostic angiography should always aim to 

  Fig. 14.32    Direct needle puncture embolization of arte-
riovenous malformation nidus. This nidus was present in 
the soft tissue of the hand and punctured using a 23-gauge 
butterfl y needle. Contrast injection was done with 

good nidal fi lling ( a ,  b ). Non-opacifi ed ethanol was 
injected. Post ethanol, contrast injection showed good 
closure of the shunt ( c )       

  Fig. 14.33    Arterial catheter embolization of arteriove-
nous malformation nidus. Nidus in soft tissue of distal 
forearm. Contrast injection via microcatheter shows good 
nidal fi lling and prompt venous drainage ( a ). External 
tourniquet control near the nidus reduces venous outfl ow 
( b ). Increasing tourniquet pressure stops venous outfl ow 
( c ). For catheter embolization, the tourniquet pressure was 

maintained between that used for ( b ) and ( c ) to allow for 
good nidal fi lling with forward fl ow. Glue was injected 
( d ). Glue polymerization occurred rapidly. Optimal nidal 
fi lling with glue would have been preferred to the proxi-
mal glue deposition as shown in ( d ); however, the angio-
graphic result was satisfactory       
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demonstrate (1) the arterial runoff throughout 
the extremity, (2) feeding arteries to shunts, (3) 
location of the shunts, (4) shunt morphology, and 
(4) venous drainage from the shunts (Figs.  14.8  
and  14.31 ). 

 AVFs are best images by MR and MRA. 
However, catheter angiography remains the gold 
standard. Similar to AVMs, angiography for 
AFVs is not undertaken until intervention is 
necessary.  

   AVM Treatment Approach 
 The majority of AVMs will eventually require 
treatment because of continued lesion expansion. 
This can be associated with troublesome symp-
toms, including tissue ischemia and ulceration, 
pain, and sometimes cardiac overload [ 3 ]. 

 Embolization has been the mainstay of treat-
ment either alone or in combination with surgical 
excision [ 36 ,  37 ]. Recently, it has been suggested 
that well-localized “stage 1” AVMs amenable to 
surgical excision have better outcomes without 
preoperative embolization. However, as the full 
extent of the AVM may be underrecognized dur-
ing early disease, embolization and surgery dur-
ing infancy and early childhood are rarely 
undertaken as there is a high risk of disease pro-
gression. This propensity for progression or 
“recurrence” after certain treatments poses many 
challenges. Thrombosis, ischemia, and partial 
resection trigger enlargement and sometimes 
endothelial hyperplasia, explaining these so- 
called recurrences. 

 Many patients are observed with AVMs in 
their early stages and monitored carefully 
throughout childhood. Yearly clinical follow-up 
is undertaken unless urgent problems demand 
more frequent attention. The diffi culty for many 
interventional radiologists is knowing when to 
commence embolization, how many to perform, 
the frequency of treatment sessions, and when to 
stop. All patients should be offered treatment for 
“stage 3” and “stage 4” AVMs. As practices vary, 
some patients may undergo embolization at 
“stage 2” (or “advanced stage 2”). For “stage 3” 
AVMs, once embolization is commenced, 
patients may require frequent treatments every 

2 months. For “stage 4” AVMs, the frequency of 
embolization is determined by the urgency of the 
clinical situation. Embolization can be stopped 
when symptoms improve and are controlled. For 
“stage 2” AVM, it is less clear as to the number of 
treatment sessions needed and when to stop. 
“Stage 2” AVM has no symptoms, such as pain, 
that can be used to monitor effectiveness of 
embolization. Angiographic improvement alone 
is used, and follow-up angiography is therefore 
required. For all peripheral AVMs, there is no 
“quick fi x,” and most require repeated treatment 
sessions over several years. Embolization can at 
best provide “control” and not cure of the AVM. 

 The disease itself is one of the most challeng-
ing of all vascular anomalies, and all treatments 
including embolization are high risk [ 36 – 39 ]. 
Surgical resection if performed in selected 
patients with well-localized disease should be 
undertaken within 2–3 days of preoperative 
embolization of the nidus. Although angio-
graphic embolization decreases intraoperative 
bleeding, it does not reduce the amount or extent 
of tissue resected. In those with extensive AVMs, 
surgical resection is not possible, and therefore 
embolization is the only option for symptom con-
trol. Surgical amputation may be considered for 
advanced extremity AVMs causing major prob-
lems threatening the affected limb or the patient’s 
life. As cures are rarely seen, all patients should 
have long-term follow-up following treatment.  

   AVF Treatment Approach 
 The treatment and approach to AVFs is similar to 
that of AVMs as discussed above. Simple AVF 
can be cured with embolization. Complex AVFs 
with multiple shunts, like AVMs, may be incur-
able, and at best lesion control might be expected. 

 AVFs like AVMs may require sacrifi ce of the 
draining vein to allow for complete closure.  

   AVM Embolization 
   Pre-procedure Work-Up/Planning 
 A pre-procedure work-up is not routinely 
required unless the AVM is causing signifi cant 
dysfunction either (1) locally (e.g., with liver 
AVMs, pre-procedure liver function must be 
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assessed) or (2) generally (e.g., if there is cardiac 
overload, a pre-procedure cardiac assessment and 
echocardiogram are needed). 

 Although the catheter angiogram is the gold 
standard in mapping the AVM for embolization, it 
is important to review cross-sectional imaging 
(MR and if needed CT) and plain radiographs 
when AVM shunts are involving challenging loca-
tions, e.g., viscera and bone, and deep locations 
such as the pelvis. This can help in embolization 
planning. For example, identifying large draining 
venous channels for direct puncture embolization 
can be advantageous in pelvic AVMs. 

 The aim of endovascular treatment of AVMs 
is to selectively target closure of the AV shunts. 
These are complex procedures and nontarget clo-
sure should be avoided as (1) closure of proximal 
feeding arteries (either surgical or catheter embo-
lization) results in arterial recruitment to the 
nidus from adjacent vascular territories leading 
to disease progression, (2) proximal closure of 
infl ow arteries will compromise further emboli-
zations, and (3) it can lead to major complica-
tions such as tissue necrosis including skin 
ulceration and nerve injury with paralysis. 

 Nidal closure and shunt reduction can be 
achieved by various embolization methods 
including:
    1.    Direct percutaneous puncture of the AVM 

nidus (for non-visceral AVMs) (Fig.  14.32 )   
   2.    Trans-arterial catheter embolization (using a 

coaxial catheter system with a microcatheter 
advanced as close to the nidus as possible) 
(Fig.  14.33 )   

   3.    Embolization of the venous outfl ow from the 
nidus (either by direct puncture of the vein 
outfl ow or by retrograde venous catheteriza-
tion) (Fig.  14.34 ) [ 40 ,  41 ]
       It is important to evaluate the catheter angio-

gram and decide the most appropriate method of 
nidal closure, sometimes employing several meth-
ods and multiple approaches (Fig.  14.35 ). Trans-
arterial/venous and direct puncture  techniques 
(into soft tissue/bone, depending on the shunt 
location) may have to be employed, and therefore 
familiarity with these techniques, devices, and 
embolic agents is essential. The angiogram will 
locate the position of nidi for percutaneous punc-
ture. Sometimes ultrasound can help; however, 

  Fig. 14.34    Venous outfl ow embolization in arteriove-
nous malformation (AVM). The giant venous outfl ow sac 
from this large pelvic AVM was embolized by direct 
puncture and over 100 guidewires (stripped to remove the 
mandril cores before deployment). A large occlusion bal-
loon was placed in the iliac vein to reduce outfl ow. Image 
courtesy of Dr. Martin Simons, Toronto Western Hospital, 
Toronto, Canada       

  Fig. 14.35    Angiographic result of AVM embolization. 
Same patient as in Fig.  14.31 . Embolization performed to 
control troublesome pain. After multiple embolizations 
(transcatheter and direct punctures), the pain was resolved. 
Post-embolization angiogram shows signifi cant closure to 
shunts in the distal forearm and hand, with preservation of 
digital fl ow. Transcatheter embolization resulted in distal 
ulnar artery occlusion       
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real-time puncture of the nidus is diffi cult because 
of the numerous, small channels.

      Procedure 
 4 or 5 Fr angiographic catheters are suitable for 
arterial catheterizations and can be used as outer, 
coaxial systems for microcatheter techniques. 
Larger catheters can be used if needed for venous 
embolizations. 

 Twenty-two or 23 gauge needles (such as a 
butterfl y) can be used for direct puncture of a 
superfi cial nidus/venous end and longer needles 
for deeper targets. The nidus has extremely small 
channels and larger gauge needles will not suf-
fi ce. Direct puncture of capacious venous ends of 
shunts can be done with larger needles such as 18 
gauge sheathed needles for pelvic AVMs. 

 As AVMs invariably have many nidi, the ques-
tion often asked is which nidus/nidi should be 
closed. With diffuse extremity disease, nidal clo-
sure at the location of symptoms such as pain 
would be appropriate. In those with cardiac over-
load, closure of the largest shunts initially would 
be appropriate. 

 Embolic agents used to close AV shunts 
include liquids and coils. The commonly used 
liquid embolics are ethanol and the adhesive 
glue  n -butyl-2-cyanoacrylate (Histoacryl, B 
Braun, Melsungen AG, Germany). The nonad-
hesive liquid embolic ethylene vinyl alcohol 
copolymer (Onyx, eV3, Plymouth, MN, USA) is 
favored by some interventionalists. Ethanol, 
despite being the most destructive vascular 
endothelial agent, is not favored by some 
because of its associated life-threatening cardio-
pulmonary complications. However, when used 
appropriately, angiographic results can be excel-
lent. Histoacryl glue and Onyx can result in sat-
isfactory angiographic shunt closure; however, 
do not destroy the vascular endothelium as does 
ethanol. All three liquid agents can be injected 
by microcatheter or direct percutaneous meth-
ods. Ethanol must never be injected into visceral 
AVMs as the risk of  parenchymal necrosis is 
high. Histoacryl glue is a useful alternative for 
visceral AVMs. In pediatrics, success has been 
reported for novel lifesaving neonatal liver AVM 
embolizations with excellent long-term outcomes. 

[ 42 ,  43 ] Traditionally coil embolization is not 
recommended in AVMs; however, this teaching 
refers to proximal arterial closure. Nidal closure, 
as mentioned above, can be achieved in selected 
cases by closing the venous end of the shunt 
[ 39 ,  40 ]. Sometimes the large capacity of the 
venous end demands occlusion with multiple 
coils or even entire guidewires to provide satis-
factory closure (Fig.  14.34 ). 

 Controlled selective contrast injection (trans- 
arterial/transvenous/direct puncture) immedi-
ately before embolic injection is done using DSA 
to assess the volume of the nidus and the speed of 
fl ow through the nidus. For embolization, fl ow 
should be continuous and forwards through the 
shunt into the venous end. If fl ow is too rapid for 
safe embolization, fl ow control can be used to 
reduce arterial infl ow and venous outfl ow. An 
external tourniquet for extremities or endovascu-
lar balloon occlusion techniques for other territo-
ries may be needed. With fl ow control, repeat 
contrast injections are essential prior to injection 
of the embolic agent. With ethanol and glue, mul-
tiple injections may be needed at different loca-
tions. Following embolic injection, contrast 
injection is done (via the microcatheter or direct 
puncture needle) to assess closure. If shunting 
persists, embolization is repeated until shunting 
is satisfactorily reduced or nidal closure is com-
plete. A nonselective completion angiogram via 
the outer coaxial catheter may be required at the 
end of the procedure. These procedures can be 
lengthy,  lasting several hours. 

 Repeated embolization procedures typically 
provide temporary improvement as the large 
number of often small-sized shunts makes it 
diffi cult to achieve complete occlusion of all. 
Despite this, patients can often have much 
symptom improvement with embolization 
(Fig.  14.35 ). 

 AVM embolization is usually done as an elec-
tive procedure with a 24-h post-procedure stay 
during which time-repeated observations should 
be made of the treated area and well-being of the 
patient maintained. Elective intensive care admis-
sion post procedure is needed if the AVM involves 
vital areas such as the airway or oral cavity 
including the tongue.  
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   Post-procedure Care 
 The high complication risk associated with AVM 
embolization is due to the local and systemic 
problems related to the injected embolic agents, 
the catheter technique and devices used, and risks 
from inadvertent embolization (Table  14.2 ). 

 Following embolization, local swelling is 
expected and ensues immediately with progres-
sion over several hours (eventually subsiding by 
5–7 days). Pain should be managed appropri-
ately. Local tissue injury with necrosis can occur 
and affect skin and mucosa with early signs evi-
dent within 24 h. This needs careful follow-up 
and appropriate care in conjunction with plastic 
surgery. 

 Post-procedure hydration is important to 
minimize the effects of hemoglobinuria which 
frequently occurs with ethanol [ 34 ]. Oral fl uids 
are encouraged along with twice normal IV 
fl uid maintenance given routinely for 4 h post 
procedure. Hemoglobinuria is managed by 
additional hydration with IV and oral fl uids, 
intravenous furosemide, and occasional urine 
alkalinization with a sodium bicarbonate intra-
venous infusion [ 34 ]. 

 Bed rest for several hours (approximately 6 h) 
is recommended when arterial catheterization is 
performed via the femoral artery. All relevant 
peripheral pulses are monitored during the fi rst 
6 h post procedure. All complications (Table  14.2 ) 
require close observation and follow-up [ 36 – 39 ]. 

 At the time of discharge, the patient should be 
systemically well. Signifi cant swelling does not 
itself preclude discharge provided the patient can 
swallow suffi cient fl uids, vital functions are sta-
ble and satisfactory, minor pain is easily con-
trolled with oral analgesics, and urine output and 
color are normal. Patients should be aware of 
follow-up arrangements and be provided with 
emergency contact information if unexpected 
problems arise. Crutches or a walker for younger 
children may be required for a few days if 
 treatment temporarily impairs mobility before 
swelling resolves. We generally caution against 
exercise for 2 weeks post embolization to avoid 
trauma to the treated area.  

   Follow-up 
 Repeat AVM embolization is done approximately 
every 8 weeks (or more frequent if needed), and all 
patients are reassessed with history and physical 
exam prior to the next treatment. Once all treat-
ments are completed (as judged particularly by 
symptom improvement), outpatient clinical fol-
low-up is arranged at 3 months and then yearly 
throughout childhood.  

   Practical Tips for AVM Embolization 
     1.    The method of embolization (transcatheter 

and or direct puncture) is decided at time of 
catheter angiography.   

   2.    Use DSA for catheter angiography and direct 
puncture contrast injections.   

   3.    For the novice, identifying the nidi is 
 challenging (identifying draining veins and 
looking proximally will help identify some 
nidi). Superfi cial shunts can be seen on 
ultrasound.   

   4.    Without major life-threatening bleeding, give 
systemic heparin (initial 100 units/kg, maxi-
mum 5,000 units, repeating 1/2 dose every 
2 h to keep activated clotting time >200 s).   

   5.    Be prepared to undertake different methods 
of embolization (transcatheter and direct 
puncture) and utilize different routes (into 
soft tissue and intraosseous shunts) 
(Figs.  14.32 ,  14.33 , and  14.34 ).   

   6.    Direct puncture into superfi cial soft tissue 
nidi can be performed when the patient has 
received systemic heparin.   

   7.    Be familiar with embolics agents and their 
preparation including mixing and precau-
tions needed for delivery.   

   8.    Dextrose fl ushing of the catheter or puncture 
needle immediately before glue injection is 
required to prevent glue polymerization on 
injection.   

   9.    Glue should be mixed with Lipiodol Ultra 
Fluid prior to injection.   

   10.    The ratio of injected glue: Lipiodol is often 
1:2 to 1:4 (1 part glue: 2 to 4 parts Lipiodol). 
This can be reversed in very high-fl ow 
lesions. Using less Lipiodol promotes faster 
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polymerization, needed when fl ow is fast and 
the target is close to the injection site.   

   11.    The glue Lipiodol mixture volume for injec-
tion by microcatheter/direct puncture is 
dependent on the target volume of the nidus. 
Injection aliquots often vary between 0.2 and 
2 mL. The glue mixture can be pushed using 
dextrose if needed. (Dextrose solutions do 
not cause glue polymerization.)   

   12.    If using ethanol, aliquot volumes for injec-
tion vary between 0.2 and 2 mL/injection.   

   13.    Tourniquets need to be used with caution as 
complications can occur. Unexpected redi-
rection of blood fl ow may occur with devas-
tating tissue necrosis.   

   14.    When using a tourniquet and its position/
pressure is altered, repeat contrast injection 
is needed prior to embolization.   

   15.    Other practical tips are included under the 
section on “practical tips for catheter angiog-
raphy and embolization in infants with vas-
cular tumors.”   

   16.    Post procedure, if “skin bruising” or signifi -
cant pain occurs at/near the embolization 
site, this may represent early tissue necrosis 
and careful follow-up is required.          

   Complex Combined Vascular 
Malformations 

 These complex disorders are often associated 
with regional overgrowth, commonly soft tissue 
and skeletal overgrowth. The eponyms applied to 
several of the complex malformations can cause 
confusion, and it is better to describe the vascular 
channels affected in addition to the growth abnor-
mality. The interventional radiologist can help 
with symptom management in patients with these 
complex disorders; however, there are no cures. 

   Klippel–Trenaunay Syndrome 

 KTS is a low-fl ow combined vascular malforma-
tion involving abnormal capillary, lymphatic, and 
venous channels (CLVM) associated with soft 
tissue and bony hypertrophy [ 44 ,  45 ]. Commonly 

the malformation affects a single lower extremity, 
but it can involve more than one extremity and 
the trunk. This syndrome is sporadic and evident 
at birth and varying in severity. 

 The triad of physical fi ndings needed for 
diagnosis are (1) a cutaneous CM, (2) VM/vari-
cosities/phlebectasia, and (3) regional growth 
abnormality, commonly hypertrophy of soft tissue 
and bone (Fig.  14.36 ).

   The CM component is present in the skin 
often as a “geographic” stain. The venous com-
ponent consists of anomalous superfi cial embry-
onic veins (especially the so-called lateral 
marginal vein of Serville) (Fig.  14.7 ). Deep 
venous anomalies can occur such as hypoplasia 
and segmental atresias (Fig.  14.37 ). A lymphatic 
component (LM) is variable and includes lymph 
channel hypoplasia, lymphedema, and cystic 
LMs. Often small LMs are embedded in the 
surface of the cutaneous CM and can bleed 
intermittently.

   Extremity overgrowth is obvious at birth, and 
although progressive, major changes after birth 
are unusual. Overgrowth can affect the length 
and girth of a limb (including the hand and foot). 
Yearly monitoring of leg length (done when the 
malformation affects the lower extremity) is 
needed as leg length discrepancy (LLD) can 
occur. X-ray monitoring of leg length is done in 
those children with a LLD who are older than the 
toddler age group to assess the need for surgical 
correction. Infrequently, there can be under-
growth of the affected limb. 

 Extremity pain is not uncommon and can be 
due to a variety of causes such as venous hyper-
tension and chronic venous insuffi ciency, cellu-
litis, venous thrombosis (in superfi cial, deep 
and embryonic veins), thrombophlebitis, osseous 
venous malformations, arthropathy, neuropathy, 
and growing pain [ 46 ]. 

 Thrombophlebitis of the anomalous veins 
occurs in up to 45 % of patients, and pulmonary 
emboli are reported in 4–25 % of patients. 
Pulmonary hypertension has been recently 
reported in KTS patients, possibly due to silent 
recurrent pulmonary emboli [ 29 ]. 

 Bleeding can be problematic from the skin, 
genitourinary, and gastrointestinal tracts. Patients 
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  Fig. 14.36    Klippel–Trenaunay syndrome (KTS). Typical 
physical fi ndings in 3 patients with lower extremity KTS; 
extremity overgrowth ( a ,  c ), capillary malformation/port-

wine stain ( a–c ), lateral varicosities ( b ,  c ). Lymphatic 
malformations present on the surface of the port-wine 
stain ( c ) and appear as small blood-fi lled vesicles       

  Fig. 14.37    Deep venous system in lower extremity 
Klippel–Trenaunay syndrome. Venograms in 2 patients 
showing femoral vein hypoplasia ( black arrow heads ) ( a ) 
and atresia ( white arrow  points to top of atretic segment) 
( b ). Venography performed in ( a ) by pedal vein injection 

with ankle tourniquet infl ation (to divert fl ow into deep 
veins) and in ( b ) by common femoral vein injection with 
groin compression (to promote retrograde fi lling). ( a ) 
Shows that the embryonic lateral marginal vein has mul-
tiple channels       
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can also be troubled with recurrent LM infec-
tions, cellulitis, and lymphedema. 

   KTS Imaging and Treatment 
 Imaging has an important role in evaluating KTS 
patients [ 3 ]. Radiographs including CT scano-
gram/digital radiography are done to measure 
lower extremity length discrepancies. MR can 
assess the type and extent of VMs and LMs and 
hypertrophic fatty tissue in areas of overgrowth. 
MRV can help defi ne the anatomy of the deep 
venous system and venous anomalies, although 
the deep venous system may be hypoplastic with 
segmental atresias and therefore diffi cult to visu-
alize on MRV. Occasionally, this might require 
further invasive assessment with conventional 
venography performed by a variety of tech-
niques including conventional pedal venogra-
phy, percutaneous injection of tibial veins, 
retrograde catheter venography, and “diversion 
venography.” [ 47 ] 

 For most patients, treatment is conservative 
[ 44 ,  45 ]. When lower extremities are affected, leg 
lengths should be measured and a LLD managed 
appropriately. Specifi c problems have to be 
addressed when they arise such as infections, 
bleeds, thromboembolic events, and extremity 
pain. Graded compression stockings can be 
extremely helpful in those with leg enlargement, 
venous anomalies, venous hypertension, chronic 
venous insuffi ciency, and lymphedema. A variety 
of topical treatments can be effective to treat skin 
bleeding. Sclerotherapy can be offered to treat 
certain components such as focal VMs including 
perirectal VMs causing rectal bleeding, macro-
cytic LMs, and bleeding cutaneous lymphatic 
vesicles. Recurrence after sclerotherapy is recog-
nized. Endovenous laser ablation or surgical 
removal of anomalous veins which give rise to 
pain or are potential sources of pulmonary emboli 
is an option. Symptom recurrence after surgical 
excision of these channels is not uncommon. In 
order to reduce the size of a severely enlarged 
extremity (particularly the leg), radical debulking 
of subcutaneous tissues can be undertaken. 
Prophylactic anticoagulation and inferior vena 
cava fi lter placement should be considered in 

KTS patients when they are undergoing long and 
complex interventions and surgery because of the 
known increased venothromboembolic risk.   

   Parkes Weber Syndrome 

 This is a sporadic complex combined fast-fl ow 
vascular malformation affecting the extremities 
and trunk and associated with a RASA-1 gene 
mutation [ 48 ]. In PKWS, there is a vascular skin 
stain, overgrowth of the affected body part, and 
prominent veins (Figs.  14.38  and  14.39 ). The 
extremities are commonly affected. Although it 
may be confused with KTS because of this triad 
of clinical fi ndings, the disease may have a focal 
distribution as well as affecting an extremity in a 
more diffuse/multifocal pattern. AV shunting 
occurs through macro and micro AV fi stulae, and 
varicosities result from the AV shunting. The vas-
cular skin stain is not a true CM as in KTS and 
has been described as a “pseudo CM.” It is most 
likely due to micro AV fi stulae, which explains 
the warmth when the stain is palpated, unlike the 
CM in KTS. Lymphatic malformations and 
abnormalities of lymphatic fl ow may occur in 
PKWS. On physical examination, the condition 
is obvious at birth and appears as overgrowth 
with a “geographic” macular pink skin stain. The 
overgrowth may affect the entire extremity or 
part of an extremity. The clinical fi ndings of high 
fl ow are characterized by localized hyperthermia, 
bruits, thrills, and prominent veins. Physical fi nd-
ings can be confi rmed easily with continuous 
wave Doppler demonstrating AV shunting. AV 
shunting may lead to cardiac decompensation 
from volume overload.

      PKWS Imaging and Treatment 
 MR is recommended to evaluate the overall dis-
tribution of the disease. In an affected extremity, 
enlarged infl ow arteries and outfl ow veins are 
seen and numerous fl ow voids are present on spin 
echo sequences. Micro AV fi stulae can be seen as 
T2 signal hyperintensity in deeper tissues such as 
muscle. MR will demonstrate associated lym-
phatic anomalies. 
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  Fig. 14.38    Parkes Weber syndrome (PKWS) with micro 
AV fi stulae (AVF). Catheter angiogram ( a ) shows numer-
ous circumferential soft tissue micro AVFs at the elbow. 
Another patient ( b–d ) with enlargement of calf and foot, 

vascular foot stain, and dilated veins, has numerous micro 
AVFs in calf and foot. On angiogram, micro AVFs can 
appear as intense soft tissue staining ( c ,  d )       
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 Catheter angiography is not usually undertaken 
unless the patient has local pain, tissue ulceration, 
or cardiac decompensation/cardiac failure. The 
catheter angiogram is important in these situa-
tions as it can identify macro AV fi stulae, which 
may be suitable for endovascular  closure, resulting 
in symptom improvement. Angiography should 
be performed as in peripheral AVMs with global 
and selective studies at the time of intended shunt 
closure. Angiography depicts enlargement of 
infl ow arteries and draining veins and numerous 
AV fi stulae (Figs.  14.38  and  14.39 ). The AV fi stu-
lae may occur  throughout an entire extremity or 
more focally, and both macro and micro fi stulae 
can be identifi ed [ 3 ]. Micro AV fi stulae are 

unsuitable for catheter embolization. Endovas-
cular closure of macro AV fi stulae reduces shunt-
ing leading to better tissue perfusion with reduced 
pain, aid healing of skin ulceration, and control of 
cardiac overload (Fig.  14.40 ).

   Endovascular closure is performed at the time 
of the diagnostic catheter angiogram. Trans- 
arterial catheter embolization of the macro AV 
fi stulae is done by embolization as close to the 
fi stulae as possible (using coaxial techniques). 
However, it is important to consider other meth-
ods including direct percutaneous puncture and 
venous outfl ow closure. The angioarchitecture of 
an AV fi stula is different to peripheral AVMs as 
there is no nidus, and therefore direct percutaneous 

  Fig. 14.39    PKWS with macro AV fi stulae (AVF). Patient 
with enlarged left upper extremity, cardiac decompensa-
tion and “effort dyspnea” ( a ). Global subclavian angio-
gram shows numerous macro AVFs in supraclavicular 

area, around upper humerus and in the upper arm ( b–e ). 
Macro AVFs in the upper arm supplied by an enlarged 
profunda brachii artery with venous drainage into enlarged 
soft tissue veins and intraosseous channels in humerus       
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techniques may have to be modifi ed. Several 
treatment sessions may be required, the fre-
quency of which depends on the clinical problem. 
Endovascular treatments are stopped when 
symptom control is achieved. 

 Both KTS and PKWS are complex vascular 
malformations, and although there are no cures, the 
interventional radiologist can provide  useful thera-
peutic options with symptom improvement. 

  Chapter Summary 

   Overview 
•   ISSVA classifi cation (Table  14.1 )

 –    Vascular tumors

 °    Infantile hemangioma most common  

 °   Rarely associated with vascular malfor-
mations (e.g., PHACES)  

 °   Most treatments use medical therapy     
 –   Vascular malformations

 °    Genetic etiology identifi ed for many 
venous malformations        

 °   Sclerotherapy, embolization, and laser used 

    Imaging 
•   80–90 % of anomalies diagnosed without 

imaging  

•   Imaging used to determine extent, fl ow patterns, 
and tissue characteristics  

•   US and MR most common  
•   X-ray and CT helpful to assess skeletal growth 

issues (e.g., KTS)  
•   Lymphangiography sometimes used to assess 

lymphatic channels/leaks  
•   Venography and angiography performed during 

treatment  
•   Vascular tumors

 –    Parenchymal tumor present.  
 –   Variable shunts present.  
 –   Enlarged infl ow/outfl ow vessels when AV 

shunts present.     
•   Vascular malformations

 –    No tumor present  
 –   Venous malformations (VM)

 °    Dysplastic veins, thrombi, and 
phleboliths  

 °   ± fl uid-fl uid levels     
 –   Lymphatic malformations (LM)

 °    Cystic ± hemorrhage, and thrombi  

 °   Microcystic—solid and echogenic  

 °   ± fl uid-fl uid levels     
 –   Arteriovenous malformation (AVM)

 °    Hypervascularity, shunting, and perile-
sional edema  

 °   Enlarged infl ow/outfl ow vessels          

  Fig. 14.40    Catheter embolization of macro AV fi stulae 
in PKWS. Same patient as in Fig.  14.39 . Selective embo-
lization of upper humeral AVF. Selective angiography of 
shunt shows rapid fl ow ( a ). Flow was reduced with a sub-
clavian vein occlusion balloon, placed via the femoral 
vein ( b ). Glue embolization was performed via a coaxial 

microcatheter into the shunt. ( c ) Shows good shunt clo-
sure on repeat angiography after embolization. Successful 
closure of AVFs (supraclavicular area, shoulder, upper 
arm, and forearm) using glue was done over several treat-
ments. Embolization resulted in signifi cant improvement 
of cardiac status and left upper arm reduced in size       
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 Equipment/Drugs

   Embolic Agents  
•   Cyanoacrylate glue—mixed with Lipiodol to 

control polymerization and opacify the glue  
•   Onyx, coils, vascular plugs, ethanol, and PVA   

   Sclerotherapy Agents  
•   Ethanol—max 1 mL/kg  
•   STS—max 0.5 mL/kg liquid STS, often used 

as foam  
•   Doxycycline—10 mg/mL solution; max. 

300 mg babies or 1,200 mg >12 years  
•   Bleomycin—1 mg/kg; max 15 mg (15 units)   

   Prophylactic medications  
•   Dexamethasone—1 mg/kg, max 8 mg; 

decrease swelling  
•   Cefazolin—30 mg/kg, max 1 g; treatment of 

oral/orbital/anal lesions  
•   Ketorolac—0.5 mg/kg, max 15 mg if <16 

years   , for analgesia    

 Vascular Tumors
   Infantile Hemangiomas (IH)  
•   Most common tumor of infants  
•   Cutaneous lesions often head/neck

 –    Red, raised lesions  
 –   Ulceration and bleeding possible     

•   Liver, GI tract, and brain possible
 –    High-output congestive heart failure possi-

ble (i.e., liver)     
•   Twenty percent multiple  
•   Three phases

 –    Proliferative: rapid growth, angiogenesis; 
9–12 months  

 –   Involuting: decease size/angiogenesis; 
reduced fl ow, fi brofatty replacement; 1 to 
5–7 years  

 –   Involuted: fi brofatty residue, small capil-
laries/veins, 50 % normal appearance, no 
recurrence; >5–7 years      

   Congenital Hemangioma (CH)  
•   Rare, distinct from IH  
•   Antenatal onset, fully developed at birth  

•   Hypervascular tumors  
•   Rapidly involuting congenital hemangioma 

(RICH)
 –    Protuberant mass  
 –   Resolve by 12–24 months  
 –   High-output cardiac failure possible     

•   Non-involuting congenital hemangioma 
(NICH)
 –    Flat/slightly raised round skin lesion, telan-

giectasia, and pale halo  
 –   Persistent through life      

   Infantile Hepatic Hemangioma (IHH)  
•   Heart failure, anemia, and hepatomegaly rare  
•   Interventions: medical therapies (steroids, 

β-blockers, etc.) and embolization  
•   Focal

 –    Often large, present antenatally  
 –   Regress in 12–24 months  
 –   Cardiac decompensation antenatally     

•   Multifocal
 –    Three-phase life cycle as with IH (above)  
 –   Cardiac failure can be delayed (months)     

•   Diffuse
 –    Massive hepatomegaly—abdominal com-

partment syndrome and respiratory 
compromise.  

 –   Shunting is rare.  
 –   Associated with hypothyroidism.      

   Tufted Angioma (TA), Kaposiform Hemangio-
endothelioma (KHE)  
•   Invasive tumors with variable onset  
•   KHE more extensive, violet color  
•   TA red skin plaque  
•   Biopsy occasionally helpful  
•   Kasabach–Merritt phenomenon

 –    KHE and TA only  
 –   Thrombocytopenia (consumption)  
 –   Coagulopathy; decreased fi brinogen, 

increased  d -dimer, PT/INR, and PTT  
 –   Steroids, vincristine used  
 –   Platelet transfusion given when <10,000/

μL  
 –   250–350 μm PVA particles used when 

embolization necessary      
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   Treatment  
•   Cutaneous IH—if treatment required, most 

receive β-blockers/steroids sometime surgical 
resection. 
 KHE with KMP—vincristine, steroids, and 
sometimes embolization.  

•   Angiography/embolization for shunting or 
devascularization
 –    Glue, PVA, microcoils, and vascular plugs 

used.  
 –   See Practical Tips,    page 191.       

 Low-Flow Vascular Malformations
   Capillary Malformations (CM)  
•   Low-fl ow, cutaneous, pink-red stains 

(port-wine)  
•   Permanent  
•   No interventional role  
•   Can be syndromic (SWS and KTS)   

   Lymphatic Malformations (LM)  
•   Lymph containing cysts.  
•   Localized or infi ltrating.  
•   Mass effect can lead to complications.  
•   Infection and hemorrhage can occur—treated 

conservatively.  
•   Classifi ed based on cyst size/appearance.

 –    Macrocystic—visible on imaging or > 1 cm 
in size.  

 –   Microcystic—not visible on imaging 
or < 1 cm in size.     

•   Macrocystic can be soft and partially 
compressible.
 –    Do not refi ll after compression, and do not 

increase in size when dependent (unlike VMs).     
•   Sclerotherapy, surgery, laser, conservative, or 

medical (rapamycin) treatment options 
available.  

•   Imaging.
 –    MR or US  
 –   Cyst fl uid (êT1, éT2)  
 –   Enhancement (septal for macrocystic; none 

or ill-defi ned with microcystic)  
 –   Fluid-fl uid levels (protein, blood)     

•   LM treatment indications.
 –    Swelling, pain, infection, functional 

impairment, fl uid leakage, and cosmesis     

•   LM sclerotherapy.
 –    See Practical Tips.  
 –   US guidance and GA.  
 –   Day case (unless repeat sclerosis following 

day planned); ICU bed for high-risk areas 
(tongue, airway).  

 –   Cysts punctured and aspirated.  
 –   Small drains may be placed.  
 –   Doxycycline ± STS.

 °    Replace 1/2 aspirated cyst volume with 
Doxycycline solution 10 mg/mL (max. 
dose 300 mg babies, 1,200 mg >12 years)  

 °   With drain: leave clamped for 4–6 h; 
pretreatment with STS may increase 
effectiveness.  

 °   Repeat q6weeks if necessary.     
 –   Bleomycin

 °    As less swelling cf. doxycycline, used 
for oral cavity, orbits, eyelids, airway  

 °   Concern re: risk of pulmonary fi brosis 
(unlikely with low cumulative doses)  

 °   Max dose (per treatment): 1 mg/kg to 
max 15 mg        

•   LM post-procedure care.
 –    Supportive care  
 –   Monitor for intracystic bleeding.  
 –   Assure swallowing intact, vitals stable 

and pain controlled before informed 
discharge.     

•   LM follow-up.
 –    Sclerotherapy repeated q6wks (after US 

and clinical assessment)  
 –   Clinical follow-up at 3 and 12 months fol-

lowing treatment      

   Venous Malformations (VM)  
•   Frequently seen/treated by IR  
•   Low-fl ow and dysplastic venous spaces, vari-

able venous communications  
•   Soft compressible mass (refi lls after release) 

and expands with Valsalva/dependent 
position  

•   Detected at birth or when symptomatic in 
childhood  

•   Occur in any location.  
•   Often unifocal but multifocal/diffuse forms 

seen.  
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•   Grow with patient, no spontaneous 
regression.  

•   Localized intravascular Coagulopathy in 42 % 
(severe in 5 %).  

•   Injection sclerotherapy, laser, and surgical and 
conservative treatment options.  

•   Surgical/endoscopic treatment for GI VMs.  
•   VM imaging.

 –    Phleboliths seen only in VM.  
 –   US—refi lling with compression, variable 

solid elements, and phleboliths.  
 –   MR—êT1, éT2 with variable enhance-

ment; éT1 with thrombus and phlebolith 
voids.  

 –   Venography (at time of treatment)     
•   VM treatment indications

 –    Pain, swelling, functional impairment, 
bleeding, and cosmesis     

•   VM pre-procedure work-up

 °     d -dimer and fi brinogen  

 °   If fi brinogen <1 g/L consider LMWH     
•   VM sclerotherapy

 –    See Practical Tips,    page 204.  
 –   GA, US guidance with fl uoro (CT needed 

rarely).  
 –   Day case; ICU admission for high-risk 

areas (tongue, airway).  
 –   Consider external tourniquet or 

Trendelenburg to distend lesion.  
 –   Puncture with multiple small needles, must 

see venous backfl ow.  
 –   Assess morphology, volume, and escape 

with venogram (2 fps; without tourniquet).  
 –   Three percent STS foam.

 °    Foam made by adding equal volume of 
air and agitated through 3-way stopcock.  

 °   Can add contrast if desired.  

 °   Max dose: 0.5 mL/kg liquid.     
 –   Ethanol.

 °    Reports of intraprocedural deaths and 
cardiopulmonary complications have 
greatly decreased utilization.  

 °   Max dose: 1 mL/kg.     
 –   Bleomycin.

 °    Stasis required before injection—use 
STS fi rst.  

 °   Max dose: 1 mg/kg, maximum 15 mg.     
 –   Coils, glue, and endovenous laser can 

be used for large channels or draining 
veins.     

•   VM treatment post-procedure care
 –    See complications (Table  14.2 )  
 –   Supportive care.  
 –   Monitor 4–6 h; watch for skin blistering 

and pain.  
 –   Consult plastic surgery if ulceration 

occurs.  
 –   Aggressive hydration, monitor urine ± 

sodium bicarbonate, and furosemide for 
hemoglobinuria.  

 –   Assure swallowing intact, vitals stable, 
pain controlled, and urine volume/color 
normal before informed discharge.     

•   VM follow-up.
 –    Recanalization and enlargement occurs.  
 –   Sclerotherapy repeated q6wks (after US 

and clinical assessment).  
 –   Clinical follow-up at 3 and 12 months fol-

lowing treatment.       

 High-Flow Vascular Malformations
   Peripheral Arteriovenous Malformations (AVM)/
Arterio venous Fistulas (AVF)  
•   AVM nidus is abnormal focus of precapillary 

shunt; multiple nidi often present.  
•   AVF: no nidus, simple, and complex forms; 

complex may be confused with AVM.  
•   Localized or extensive.  
•   Do not respect tissue boundaries.  
•   Slow progression and grows with child.  
•   Schobinger staging for AVM (Table  14.3 ).  
•   Signs: increased growth/warmth of area, 

bruits, thrills, arterial aneurysms, enlarged 
draining veins, tissue ischemia, ulceration, 
bleeding, and high-output cardiac failure.  

•   Exacerbated by puberty, pregnancy, and 
trauma.  

•   Embolization, surgical excision (± preopera-
tive embolization), or amputation possible.  

•   Surgical ligation not helpful.  
•   AVM imaging/angiography.

 –    MR/MRA best.
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 °    Enlarged infl ow/outfl ow  

 °   Flow voids on spin echo  

 °   Surrounding edema     
 –   Plan fi lms/CT may be helpful with osseous 

involvement.  
 –   Angiography is gold standard.

 °    Detailed, global angiogram (morphol-
ogy, arterial runoff, feeders, nidi, drain-
ing veins)        

•   AVM/AVF treatment indications.
 –    Usually required for lesion progression.  
 –   Ischemia, ulceration, pain, and cardiac 

overload.  
 –   Threat to limb or life     

•   AVM treatment.
 –    High rate of progression/recurrence with 

inappropriate treatment.  
 –   Repeated treatments over years.  
 –   Surgical excision for stage 1 suggested.  
 –   Stage 3, 4, and some stage 2 offered 

embolization.  
 –   Limb amputation may be required for 

severe disease or a non-functional limb     
•   AVM/AVF pre-procedure work-up.

 –    LFTs for liver AVMs.  
 –   Echocardiogram if cardiac failure/

overload.  
 –   Review all imaging.     

•   AVM/AVF embolization.
 –    See Practical Tips,    page 212.  
 –   GA.  
 –   Elective, 24 h admission; ICU for high-risk 

areas.  
 –   Targeted embolization of AV shunts is goal.  
 –   Proximal embolization results in subse-

quent arterial recruitment.  
 –   Tissue necrosis, skin ulceration, and nerve 

injury possible.  
 –   Angiography.

 °    Initially to determine volume/fl ow 
through shunt.  

 °   If too fast consider tourniquet; repeat 
angio.  

 °   Repeat angio after each embolization 
and at completion.     

 –   Direct nidus puncture.

 °    US may be helpful.  

 °   22 or 23 gauge butterfl y needle.     
 –   Coaxial, microcatheter embolization.

 °    4 or 5 Fr coaxial catheters     
 –   Venous outfl ow embolization.

 °    Larger (>5 Fr) may be necessary.  

 °   Direct puncture with 18 gauge needles 
possible if large veins.     

 –   Ethanol, glue, and Onyx used.  
 –   Ethanol.

 °    Narrows safety margin; destroys nidus 
endothelium  

 °   Never use in visceral AVM  

 °   0.2–2 mL/injection     
 –   Glue/Onyx.

 °    Good shunt closure but nidus endothe-
lium not damaged.  

 °   Mixed with Lipiodol to control rate of 
polymerization (usually 1 part glue: 2–4 
parts Lipiodol).  

 °   Dextrose fl ushes.        
•   Coils/guidewires occasionally used for high- 

capacity venous outfl ow from shunt.  
•   AVM/AVF post-procedure care.

 –    See complications (Table  14.4 ).  
 –   Supportive care.  
 –   Bed rest post arteriography.     

•   AVM/AVF follow-up.
 –    Repeat embolization q 8 weeks after clini-

cal assessment and  
 –   Clinical visit at 3 months. Then yearly.       

 Complex-Combined Vascular Malformations
   Klippel–Trenaunay Syndrome (KTS)  
•   Cutaneous CM, VM/varicosities/phlebectasia, 

and soft tissue/bone hypertrophy.  
•   Usually single lower extremity.  
•   Pain/bleeding can occur.  
•   No cardiac failure.  
•   No cure.  
•   KTS imaging.

 –    X-ray/CT for leg length issues  
 –   MR—VM/LM extent; hypertrophic tissues  
 –   MRV—deep venous system (may require 

invasive imaging)     
•   KTS treatment.

 –    Mostly conservative/symptomatic  
 –   Compression stockings  
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 –   Sclerotherapy—VMs and LMs.  
 –   Closure of embryonic vein when PE poten-

tial, pain, venous hypertension.  
 –   Anticoagulation/IVC fi lter with complex 

radiology or surgical intervention.      

   Parkes Weber Syndrome (PKWS)  
•   High-fl ow AV fi stulae, vascular skin stain, 

prominent veins, and overgrowth.  
•   Confused with KTS.  
•   Focal/multifocal.  
•   Skin stain not CM; warm to touch.  
•   Lymphatic issues occur.  
•   Can result in cardiac failure.  
•   No cure.  
•   PKWS imaging.

 –    MR—fl ow voids, éT2, and lymphatic 
abnormalities.  

 –   Angiography (for intervention)—large 
infl ow/outfl ow vessels, fi stulae, and no nidus     

•   PKWS treatment.
 –    For pain, ulceration, or cardiac failure.  
 –   Microcatheter embolization of fi stulae.  
 –   Consider direct puncture and venous out-

fl ow closure.              
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General/Background Information

While pediatric arterial and venous thrombosis 
was initially considered rare, recent data have 
shown a steady increase, particularly in the pedi-
atric hospital setting [1–3]. Arterial thrombotic 
events (ATE) and venous thrombotic events 
(VTE) can result in significant morbidity or even 
death [4]. Endovascular damage related to deep 
venous thrombosis (DVT) can lead to post- 
thrombotic syndrome (PTS), a potentially debili-
tating condition that includes symptoms such as 
limb swelling, pain, discoloration, and skin 
 ulceration described in up to 26 % of pediatric 
cases [5–9]. Peripheral arterial thrombosis can 
also cause long-term sequelae such as leg length 

discrepancies (in 8 %) or loss of a limb [10]. 
Pediatric thrombosis is most commonly iatrogenic 
(related to vascular access) but can be secondary 
to anatomic issues, thrombophilic abnormalities 
or an underlying disease [4].

The treatment of thrombosis is in evolution.  
In previous decades, anticoagulation and surgical 
thrombectomy were the only treatments avail-
able. Recently multiple generations of thrombo-
lytic drugs and a number of endovascular 
thrombus removal techniques have been devel-
oped to improve patient outcomes. Current treat-
ment options include anticoagulation, systemic 
or local or catheter-directed thrombolysis, and 
surgical or endovascular thrombectomy.

Limited pediatric literature and the absence of 
large-scale prospective trials make exact recom-
mendations for thrombosis intervention problem-
atic. This is further complicated by the fact that 
there are age-related variations in the coagulation 
system in pediatric patients. Thrombolysis has 
been shown to decrease the incidence and severity 
of PTS in children [11], but its safety profile has 
not been established to allow recommendation for 
widespread use. As a result, some groups are 
attempting to stratify DVT treatment based on 
potential future risk [12]. Likewise, safe and 
effective dosing parameters for thrombolytic 
administration for pediatric (or adult for that 
 matter) patients have not been conclusively estab-
lished in in vivo studies. Thrombectomy devices 
decrease length of treatment time and associated 
costs (avoid or decreased ICU time) [13, 14], but 
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no randomized, controlled trials have been 
performed to recommend thrombectomy over 
thrombolysis [15]. These factors have led to the 
development of a number of treatment approaches 
and strategies in pediatric patients.

This chapter provides an overview of throm-
bosis intervention followed by more specific 
information relating to venous or arterial throm-
bosis treatment. Intervention for intracranial 
thrombosis and pulmonary embolism will not be 
specifically discussed. Further information on 
pulmonary embolism treatment can be found in 
Chap. 7.

Information regarding treatment options in 
this section is based on current practice models 
used in various institutions. In the absence of firm 
scientific evidence, treatment approach should be 
determined in conjunction with a multidisci-
plinary team that includes pediatric thrombosis 
experts, surgeons, interventional radiologists, 
and intensive care physicians.

Coagulation in Pediatrics

The pediatric coagulation system is extremely 
complex. In brief, the coagulation system pro-
vides a timely and effective response to injury 
called hemostasis, consisting of the formation of 
a thrombus (insoluble blood clot) from previ-
ously soluble substrates. The hemostatic response 
prevents excessive bleeding in a newly developed 
wound. Conversely, potentially excessive hemo-
static response is controlled by several natural 
anticoagulant mechanisms. Both pro- and anti-
thrombotic reactions interact and control each 
other under several feedback mechanisms to 
ensure a balanced result.

The hemostatic system in children is different 
to that in adults [16]. Developmental hemostasis 
(age-dependent variation in hemostasis) has a 
direct impact on the efficacy and safety of avail-
able treatment options used in children with 
either ATE or VTE. For example, age-related 
variations occur in levels of both coagulation fac-
tors (responsible for thrombus formation) and 
natural anticoagulant inhibitors (which downreg-

ulate thrombin formation) [17]. In addition to 
quantitative differences related to lower or higher 
circulating coagulation factor levels in compari-
son to adult circulating levels, qualitative changes 
to several coagulation-related factors have also 
been described. For example, plasminogen levels 
in newborns are 50 % of adult values and  
a portion of that is fetal plasminogen [18]. 
Thrombus from umbilical cord blood has been 
demonstrated to be more resistant to thrombol-
ysis than adult thrombus [19]. Therefore, plasmin-
ogen replacement, in the form of transfusion of 
fresh plasma [FP], has been used to facilitate 
thrombolysis in neonates [19]. Given the many 
qualitative and quantitative discrepancies in 
relation to adults, developmental hemostasis 
becomes even more clinically relevant when we 
acknowledge that most therapeutic protocols 
used in children derive from adult practice.

Acute thrombus is composed of a “mesh” con-
taining platelets and red blood cells trapped 
within a network of fibrin. Fibrin is formed from 
conversion of fibrinogen by thrombin. It is 
believed that for ATE, shear stress in combina-
tion with the injured endothelial and subendothe-
lial layers generates a platelet-rich thrombus 
(white thrombus), whereas in VTE, the platelet 
component related to clot formation is less 
important (red thrombus) [20].

Fibrinolysis is a regulatory mechanism to pre-
vent excessive clot formation where a naturally 
occurring protease, plasmin, breaks down fibrin. 
The plasmin proenzyme, plasminogen, is found 
in circulating plasma and bound to thrombin. 
Plasmin degrades fibrin, fibrinogen, factors V 
and VIII, and complement and can lead to hypo-
coaguability through excessive consumption of 
vital hemostatic factors. Plasmin activity is inhib-
ited by α2-antiplasmin and α2-macroglobulin.

As thrombus ages, fibroblastic activity results 
in increasing organization that affects fibrinolytic 
treatment success rates, as less thrombin gets 
exposed to plasmin. In fact, both thrombectomy 
and thrombolysis become less successful after 
approximately 14 days, as the thrombus becomes 
increasingly organized and progressively attached 
to the vessel wall [14, 21, 22].
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Indications/Contraindications

Conservative approaches suggest the use of endo-
vascular thrombosis treatment as a therapeutic 
modality only in the instances of life-, limb-, or 
organ-threatening disease in adults [23]. There 
are currently no recommendations for invasive 
treatment in pediatric patients.

Intervention for arterial thrombosis is performed 
when muscle dysfunction and neurologic changes 
do not indicate imminent limb loss [24] or when 
surgical intervention is not technically possible 
(i.e., in infants and small toddlers).

Early DVT intervention improves long-term 
outcomes in adults. SIR guidelines currently sug-
gest intervention for phlegmasia cerulea dolens, 
acute or subacute inferior vena cava (IVC) throm-
bosis with pelvic or limb symptoms and low 
bleeding risk, acute DVT in ambulatory patients 
with low bleeding risk, and symptomatic  subacute 
and chronic iliofemoral DVT in patients with low 
bleeding risk [25]. Guidelines for intervention in 
upper limb DVT have not been  created. Further 
discussion related to specific approaches in chil-
dren is outlined in the venous and arterial sec-
tions below.

Contraindications for thrombolysis include 
recent surgery, recent hemorrhagic stroke, cerebral 
neoplasm, and active bleeding. Table 15.1 is a 
checklist of relative and absolute contraindications.

Preprocedure Work-Up

Imaging

Existing imaging is reviewed and further studies 
ordered if necessary. Thrombosis is most com-
monly assessed using duplex ultrasound with 
compression. CT or MR can be utilized for 
deeper structures or prior to undertaking more 
complex procedures such as venous recanaliza-
tion. CTA is performed to assess for suspected 
pulmonary embolism.

Additional imaging may be required when 
thrombosis is related to an underlying disease. 
For example, a patient with DVT and a testicular 

tumor should undergo brain MRI (or CT) to 
exclude cerebral metastases prior to considering 
thrombolysis.

Bloodwork

Complete blood count (CBC), partial thrombo-
plastin time (PTT), prothrombin time (PT)/
international normalized ratio (INR), fibrinogen, 
d-dimers, blood urea nitrogen (BUN), creatinine, 
and blood group for potential crossmatch should 
be obtained.

Thrombophilia Testing

Thrombophilia testing is not routinely performed 
at the time of presentation. Most thrombophilic 
abnormalities will not have a direct impact on 
immediate clinical management, and acute 
derangements in the coagulation system can result 
in false-positive results. Exceptions to this 
approach include suspected severe deficiencies of 
specific coagulation inhibitors (i.e., antithrombin 
or protein C/S) or an inherited/acquired condition 
that may require longer anticoagulation due to 
higher risk of thrombosis recurrence (i.e., lupus 
anticoagulant) [26, 27].

Testing should be performed in children older 
than 12–18 months of age, preferably at least 
4–6 weeks after anticoagulation has been dis-
continued. The assessment includes determination 
of protein S, protein C, and antithrombin defi-
ciencies, factor V Leiden and prothrombin muta-
tions, lupus and anticardiolipin antibodies, and 
elevations of factor VIII and lipoprotein (a). 
Thrombophilia screening likely has the greatest 
benefit in adolescents with spontaneous throm-
bosis. Thrombophilia testing in asymptomatic 
patients with a known family history is not indi-
cated [28].

History and Physical

Obtain a thorough description of the acute event 
and timing; review risk factors for thrombosis 
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and those associated with relative and absolute 
contraindications (see Table 15.1). Physical 
examination should include assessment of perfu-
sion, neurologic status/muscle function assess-
ment, leg circumference (for DVT), and pulses/
perfusion (where applicable).

Multidisciplinary Discussion

The best treatment approach should be deter-
mined through interdisciplinary discussion 
between thrombosis, interventional radiology, 

intensive care and, when appropriate, vascular/
plastic surgery services.

Commonly Used Drugs and Blood 
Products

Anticoagulation Drugs

Anticoagulants act by inhibiting the formation 
of new thrombus. The commonly encountered 
traditional agents, unfractionated heparin (UH) 
and warfarin, are now used alongside other 

Table 15.1 Review of systems/labs and questions before catheter-directed thrombolysis

Neurology Active head bleeding? ( ) Yes ( ) No
Intracranial tumor? Spinal tumor? ( ) Yes ( ) No
Intracranial lesion (AVM, aneurysm)? ( ) Yes ( ) No
Seizure disorder? ( ) Yes ( ) No
TIA? Moyamoya? ( ) Yes ( ) No
Lumbar puncture <7 days? ( ) Yes ( ) No
Recent neurosurgery? ( ) Yes ( ) No
Head trauma or intracranial bleeding <2 weeks? ( ) Yes ( ) No

( ) Yes ( ) No
Hematology Severe thrombocytopenia (<100,000)? ( ) Yes ( ) No

DIC? Bleeding disorder? ( ) Yes ( ) No
Contraindication to anticoagulation? ( ) Yes ( ) No

( ) Yes ( ) No
Acute events Active internal bleeding? ( ) Yes ( ) No

Recent GI or GU bleeding (<2 weeks)? ( ) Yes ( ) No
Recent CPR? ( ) Yes ( ) No
Massive PE with hemodynamic compromise? ( ) Yes ( ) No
Major surgery or trauma (last 10 days) ( ) Yes ( ) No
Recent biopsy? ( ) Yes ( ) No

( ) Yes ( ) No
Other systems Right to left cardiac or pulmonary shunt? HHT? ( ) Yes ( ) No

Bacterial endocarditis or pericarditis? ( ) Yes ( ) No
Myocardial infarction? ( ) Yes ( ) No
Renal failure? ( ) Yes ( ) No
Uncontrolled hypertension? ( ) Yes ( ) No
Hepatic failure? ( ) Yes ( ) No
Recent eye surgery? Diabetic retinopathy? ( ) Yes ( ) No
Allergies: contrast, TPA? ( ) Yes ( ) No
Pregnancy? ( ) Yes ( ) No

Lab values Platelets <100,000/μL ( ) Yes ( ) No
INR >1.6 ( ) Yes ( ) No
PTT prolonged by >4 s ( ) Yes ( ) No
Fibrinogen <100 g/dL ( ) Yes ( ) No

Reproduced courtesy of Dr. João Amaral
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anticoagulants such as low-molecular-weight 
heparin (LMWH) and various forms of anti-
platelet agents (i.e., aspirin, clopidogrel, 
dipyridamole).

Heparin
Heparin is a polymeric glycosaminoglycan that 
inhibits thrombin, an enzyme necessary for 
thrombus formation. Due to its short half-life, 
ease of titration, and the ability to fully reverse its 
effect with protamine, UH tends to be used for 
acute thrombotic events, particularly in instances 
when the perceived risk of bleeding is elevated. 
To obtain therapeutic heparinization, the standard 
approach is to give a bolus injection of 75–100 U/
kg followed by an infusion of 20 U/kg/h (28 U/
kg/h if under 12 months) [29]. Several different 
laboratory-monitoring modalities are used in 
clinical practice. PTT (and sometimes activated 
clotting time [ACT]) and the anti-Xa assay are 
used to titrate the dose to the appropriate UH 
levels.

The use of heparinization during thrombolysis 
is controversial due to a possible increase in 
bleeding risk [5, 30]. Approaches vary from with-
holding heparin to administering partial (10 U/kg/h) 
to full heparinization.

Following intervention, the thrombosis service 
may commence the use of LMWH with dosing 
based on age-appropriate regimens and monitor-
ing for therapeutic anti-Xa levels.

Warfarin
Warfarin is a vitamin K antagonist that sup-
presses synthesis of multiple vitamin K-dependent 
clotting factors produced by the liver (oral vitamin 
K antagonist [OVKA]). The complete anticoagu-
lant effects of warfarin take several days, and 
vitamin K is the most commonly used reversal 
agent available (given either orally or intrave-
nously, more rapid reversal with the latter). 
Effectiveness is monitored by assessing the inter-
national normalized ratio (INR). When an urgent 
reversal is necessary, factors can be supplied 
through administration of FFP, prothrombin 
complex concentrates (PCCs), or the recombi-
nant activated factor VII (rFVIIa).

Antiplatelet Agents

The formation of a thrombus (blood clot) is 
divided in two phases. The initial one, in a pro-
cess called primary hemostasis, is responsible for 
the formation of a platelet plug. Subsequently, 
with the participation of the coagulation factors 
following the coagulation cascade, a insoluble 
net of protein (ie. fibrin) anchoring the clot to the 
wound site ensues. Platelet plugs constitute a 
major player in the  formation of thrombi, particu-
larly in damaged  vessels with high shear stress of 
the arterial  system. Platelet plugs are formed in 
the following manner:
 (a)  Platelet adhesion—platelet-vessel wall inter- 

action
 (b)  Activation—release of platelet’s internal 

contents from their alpha and/or dense granules 
with amplification of the platelet-mediated 
prothrombotic effects

 (c)  Platelet aggregation—platelet-platelet inter- 
action

Antiplatelet agents are used to target specific 
molecular interactions preventing thrombus for-
mation. They are used for prophylaxis (endovas-
cular stents, Kawasaki disease) or to prevent 
thrombus growth (myocardial infarction or ATE).

The most common agents used in children are 
aspirin, clopidogrel (i.e., Plavix®), dipyridamole, 
and, rarely, abciximab [31].

Aspirin
Aspirin acts by irreversibly acetylating one of the 
enzymes (cyclooxygenase-1 [COX-1]) responsi-
ble for the generation of one of the most potent 
platelet agonists, named thromboxane A2. Its inhi-
bition lasts for the entire platelet lifespan. In gen-
eral, prevention of periprocedural bleeds in 
children receiving aspirin involves its discontinu-
ation for at least 7–10 days prior to the proce-
dures. The most common side effects are excessive 
bruising, gastrointestinal toxicity, and the dose-
dependent Reye syndrome.

Clopidogrel
Clopidogrel (Plavix®) is part of the thienopyri-
dine family, inhibitors of the platelet agonist, 
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ADP receptor P2Y12. In general, prevention of 
periprocedural bleeds in patients taking Plavix 
involves its discontinuation for at least 7 days 
prior to the procedure. The most common side 
effects are skin rash, neutropenia, nausea and 
vomiting, and, rarely, thrombotic thrombocyto-
penic purpura.

Dipyridamole
Dipyridamole (Persantine®) is a compound com-
monly used in the setting of clotting prophylaxis in 
patients post solid organ transplant or in recipients 
of ventricular assistant devices. It has several 
mechanisms of action, including changes of ade-
nosine uptake and potentiation of nitric oxide 
effect. It should also be stopped 7–10 days prior to 
surgery, and its most common side effects are nau-
sea, flushing, and bleeding.

Abciximab
Abciximab (i.e., ReoPro®) is a monoclonal anti-
body against the most important platelet agonist 
relevant for platelet aggregation, glycoprotein 
IIb/IIIa (GPIIb/IIIa). It is one of three FDA- 
approved GPIIb/IIIa antagonists resulting in 
immediate inhibition of platelet aggregation 
[32]. It is usually utilized as a rescue medical 
therapy before adult patients are submitted to 
revascularization or in children, mostly with 
 coronary artery problems (i.e., aneurysms sec-
ondary to Kawasaki disease). The major poten-
tial adverse events are bleeding and severe 
thrombocytopenia.

Thrombolytic Drugs

Thrombolytic agents actively break down throm-
bus. They act by promoting the conversion of 
plasminogen to plasmin that in turn breaks down 
fibrin. Plasminogen is found in circulating 
plasma and bound to fibrin within thrombus. 
Fibrin-specific thrombolytic agents target bound 
plasminogen where non-fibrin-specific agents 
activate both bound and free forms. The activa-
tion of free plasminogen acts to deplete plasma 
proteins and increases bleeding risk. Reported 

pediatric and adult doses are discussed in 
Table 15.2.

Compared to systemic administration, catheter-
directed thrombolysis decreases the throm-
bolytics dose with a potential decrease in 
associated complications. Administration can  
be performed on a continuous or intermittent 
basis [33].

Tissue plasminogen activator (TPA) and uro-
kinase are the two most widely used thrombolyt-
ics. Their efficacy and safety is similar in DVT 
treatment in adults [34].

TPA
TPA is a serine protease that is produced using 
recombinant DNA technology. TPA has high 
fibrin specificity with a free plasma half-life of 
3–6 min and a thrombin-bound half-life of 2 h.

In vitro studies demonstrate a bell-shaped 
response curve to TPA concentration with the 
best results found using q 30 s pulse spray appli-
cation of 0.01 mg/mL in rabbit thrombus [35]. 
TPA was originally used clinically in concentra-
tions of 0.5–1 mg/mL. This concentration was 
based on solubility when TPA is dissolved in bal-
anced salt solution. The same is not true for other 
types of dilutants including normal saline [36]. 
Lower concentrations (0.01 mg/mL) are rou-
tinely employed for treatment of DVT.

Reported pediatric doses vary widely from 
0.01 to 0.5 mg/kg/h [3, 5, 37] and can be deliv-
ered systemically or by catheter-directed tech-
niques. Local administration is effective and, as 
lower doses are administered, there are potential 
advantages regarding safety (see Table 15.2)  
[3, 6, 37, 38].

Urokinase
Urokinase (UK) is a direct plasminogen activator 
that is produced in the urothelium. The half-life 
is approximately 15 min. UK has a higher affinity 
for fibrin-bound plasminogen than free plasma 
plasminogen. The product is created using cell 
culture techniques. UK was temporarily removed 
from the market in the USA due to concerns over 
inadequate microbiologic testing. As a result, 
urokinase is not in common use today.
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Table 15.2 Commonly used drugs in thrombosis treatment

Heparin

 Unfractionated
   Initial loading dose: a) anticoagulation alone: 50–100 U/kg/dose; b) Before 

preprocedures: 100–150 U/kg/dose
  Infusion for “full” heparinization: 20 U/kg/h (28 U/kg/h if less than 12 months olda)
  Partial heparinization: 10 U/kg/h
TPAa

 Adult (>10 yearsb)
  Arterial
   Bolus: 4–5 mg, can repeat × 2
   Infusion: 0.5–1 mg/h (at 0.5–1.0 mg/mL concentration)
  DVT
   Bolus: 4–10 mgc

   Infusion: 1 mg in 100 mL NS per hourd

   – Can increase to 2 mg/h if needed

     – For bilateral lower extremity DVT, can run two catheters with 1 mg/h
 Pediatrice

  Systemic
   Low dose: 0.01–0.06 mg/kg/h [3]
   Regular (high) dose: 0.1–0.5 mg/kg/h [5, 6]
  Catheter directed
    Low dose
   –  Start at 0.06 mg/kg/h in neonates
   –  0.03 mg/kg/h in non-neonates [3]
  Arterial (non-neonates)
   Bolus
    –  0.1–0.2 mg/kg (5 mg maximum), can repeat × 1
   Infusion
    –  Start at 0.03–0.1 mg/kg/h
    –  If not effective, can incrementally increase to systemic dose (0.5 mg/kg/h)
  DVT
   Bolus
    –  0.1–0.2 mg/kg (5 mg maximum), can repeat × 1
   Infusion
    –  0.03–0.06 mg/kg/h; run at maintenance volume
a Optimal dose parameters for the use of tissue plasminogen activator (TPA) in children 
have not been established. Dose regimens indicated are for guidance only. Appropriate 
dose should be determined by IR and thrombosis teams on a case by case basis
b Given developmental hemostasis changes, “adult” dosing can be used in patients over 
10 years of age
c Bolus dosing varies when thrombectomy devices are used. For example, 6 mg in 6 mL 
NS for 15 cm Trellis, 6–10 mg in 10 mL for 30 cm Trellis, and 10–20 mg in 50–100 mL 
NS (power-pulse spray AngioJet). Check manufacturer’s current recommendations
d Infusion volumes (for DVT treatment) may have to be adjusted based on patient 
weight and clinical status
e Patients <10 kg fresh frozen plasma (FFP) routinely administered (10–20 mL/kg over 
1–2 h) and then p.r.n. to keep fibrinogen >100 mg/dL
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Reported local doses in pediatric patients 
range from 4,000 to 40,000 U/kg loading dose 
and 2,000–120,000 U/kg/h over periods of 6–9 
days [5, 39–41].

Blood Products

Blood products such as packed red blood cells, 
FFP, or cryoprecipitate may be required to 
correct derangements during thrombolysis.

Plasminogen
Isolated human plasminogen is not available 
 outside of a laboratory setting. When plasmino-
gen levels may be low (neonates and poorly 
responding older children), plasminogen can  
be supplemented through administration of  
FFP to attempt to facilitate thrombolysis  
[16, 42, 43].

Equipment

Thrombolysis Equipment

Standard end-hole catheters can be used; how-
ever, specialized 3–5 Fr multi-side-hole infusion 
catheters and wires (0.035″) come in a variety of 
infusion lengths. Infusion catheters without a 
one-way end valve require a tip-occluding wire 
to assure preferential flow through the side holes. 
Pulse spray thrombolytic administration can also 
be performed through infusion catheters. Wires 
and/or catheters are used alone or in combination 
to allow the interventionalist to customize the 
infusion length based on thrombus extent.

A recent innovation, catheter-directed throm-
bolysis assisted by US thrombus fragmentation 
(EKOS EndoWave, EKOS, Bothell, WA), may 
potentially increase the interaction of the throm-
bolytic agent with the thrombus and reduce the 
length of thrombolytic infusion [44].

Thrombectomy Equipment

Thrombectomy devices range from simple balloons 
to specialized catheters and complex machines.

Balloons
Balloons were traditionally used to perform 
 surgical thrombectomy. Fogarty balloons were 
inserted through a venotomy or arteriotomy and 
thrombus was extracted. Over-the-wire Fogarty 
balloons are now available. Traditional angio-
plasty balloons are used to fragment thrombus 
or treat underlying stenosis. Balloon fragmenta-
tion has been used to treat life-threatening 
 central DVT [40]. Specialized drug delivery bal-
loons have also been used for thrombolytic 
administration.

Catheters
By applying manual suction with a syringe, any 
large-bore catheter can be used to perform a 
thrombectomy. Specially designed manual suction 
thrombectomy catheters are available.

Specialized Thrombectomy Devices
Numerous, specialized devices have been created 
to aspirate, macerate, or fragment thrombus. 
A few of the commonly used examples include 
AngioJet®, Trellis®, and Arrow-Trerotola PTD®.

Aspiration devices create a vacuum directly or 
use high-pressure saline resulting in the creation 
of suction through the Bernoulli effect. The 
AngioJet® (MEDRAD, USA) is a rheolytic device 
where internal saline flow creates suction. Four to 
6 Fr AngioJet catheters allow treatment of vessels 
ranging in size from coronary arteries to large 
veins involved in DVT.

Another device that is in widespread use today 
is a pharmacomechanical isolation thrombec-
tomy catheter Trellis® (Covidien, USA) available 
in 6 and 8 Fr sizes. The device uses two balloons 
to isolate a segment of thrombosed vessel. 
Thrombolytic agent is then injected between the 
balloons and is agitated with a sine wave genera-
tor by the intervening wire segment. The throm-
bus fragments are then aspirated prior to deflating 
the balloons to avoid the risk of distal emboliza-
tion (Fig. 15.1).

The Arrow-Trerotola PTD® (Teleflex, USA) is 
an example of a mechanical thrombectomy 
device that is FDA approved for arterial and 
venous thrombectomy. It has primarily been used 
to treat hemodialysis grafts. This device a motor- 
driven fragmentation device rotating when 
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deployed at 3,000 rpm. The fragmented thrombus 
can then be evacuated through the compatible 
7 Fr introducer sheath or larger sheath [45].

Other approaches such as ultrasound wires [46] 
and high-intensity focused ultrasound/histotripsy 
[47, 48] have been described but are not in wide-
spread use at this time.

Some thrombectomy devices can cause frag-
mentation of thrombus resulting in pulmonary 

embolism or hemolysis leading to hemoglobinuria 
and the possibility of renal impairment.

Chronic Thrombosis
Treatment of chronic thrombosis can be 
 accomplished and have benefit even years after 
the index thrombotic event [49, 50]. 
Recanalization can be accomplished using a 
sharp needle (see Fig. 9.16, Chap. 9) or 

Fig. 15.1 TrellisTM peripheral infusion system. (a) 
Overview of device demonstrates balloons used to isolate 
a segment of thrombus. Thrombolytic is sequestered 
between the balloons, agitated with the motor-driven wire, 
and aspirated. (b) Computer-generated representation of 

device in use. (c) Fifteen-year-old female with iliofemoral 
DVT undergoing treatment with TrellisTM. The balloons 
(arrows) isolate the thrombus during treatment. (d)  Image 
of thrombus fragment obtained after aspiration. With per-
mission © Covidien AG, 2013
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 specialized equipment such as a radiofrequency 
wire (Fig. 15.2) [51, 52].

Procedure Technique

Below is a basic outline of endovascular throm-
bosis management. The exact steps are dictated 
by the specific approach being utilized. More 
detailed information for venous and arterial 
thrombosis intervention is included in the sec-
tions below.

Procedure Preparation

Informed consent is obtained. For younger 
patients, assent should be obtained where appro-
priate. An ICU bed is booked if thrombolysis 
might continue after procedure. When using a 
thrombectomy device that can cause hemolysis, 
administration of (isotonic) double-maintenance 
fluid should be considered to reduce the risk of 
renal tubular toxicity. Pharmacy should be con-
tacted to allow adequate preparation time and 
timely delivery of lytic agent.

An arterial line can be placed to allow invasive 
blood pressure monitoring and easy collection of 
blood samples. Thrombolysis patients who will 
require ICU admission and ongoing bloodwork 
should undergo insertion prior to infusion of 
TPA to minimize potential bleeding complica-
tions. A large-bore IV is placed for administra-
tion of fluids and blood products.

Sedation

Sedation/anesthesia is based on the needs of the 
patient, procedure, and institutional availability/
practice. See Chap. 3.

Positioning

Arterial interventions are performed with the 
patient in supine position. Positioning for DVT 
intervention is determined by the access route. The 
patient is placed in prone position when accessing 
the popliteal vein and supine position for the 
femoral vein, posterior tibial vein (or other patent 
calf vein), or upper extremity access. If an IVC filter 
is being placed, the patient may need to be reposi-
tioned during the procedure. Some operators avoid 
this issue by inserting the filter through a popliteal 
approach with the patient in prone position [53].

Filter Insertion

Placement of IVC filters during thrombosis treat-
ment is controversial. Insertion of IVC filters has 

Fig. 15.2 (a) Graphic representation of RF tip of wire. 
(b) Radiofrequency energy is used to create a channel 
through fibrotic regions of chronic thrombus. With per-
mission. © Baylis Medical Company Inc. 2013
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been demonstrated to decrease the incidence of 
pulmonary embolism in patients undergoing 
endovascular VTE treatment [53]. When used, 
venous filters are placed at the beginning of the 
procedure. In very small patients filters may 
not open fully resulting in concerns related to the 
overall length and efficacy. Chaudry et al. 
described successful, uncomplicated IVC filter 
insertion performed in three patients with an IVC 
diameter less than 1 cm [54]. Filter insertion 
techniques are described in Chap. 11.

Vascular Access

The location of thrombus, the type of vessel 
involved (artery vs. vein), the vessel size, and the 
potential for causing further (iatrogenic) throm-
bosis affect the choice of access site and route.

Whenever possible, antegrade access below 
the level of thrombosis is utilized for DVT treat-
ment. This minimizes the potential for creating 
further valvular damage and improving efficacy 
by allowing establishment of venous inflow and 
outflow.

Transhepatic access is used for portal vein 
interventions (Fig. 15.3). Alternatively, antegrade 
access through the superior mesenteric vein can 

be obtained during laparoscopy if a combined 
surgical-radiological approach is desired.

As there are no valves within the arterial system, 
an antegrade or retrograde approach can be used.

Insertion of a vascular sheath will minimize 
the potential for vessel damage related to catheter 
changes and provides an infusion port for admin-
istration of drugs and contrast. The size of vascu-
lar sheath is based on the device and/or balloon 
used (3–9 Fr).

Define Thrombus Extent

DSA venography/angiography is used to define 
the extent of thrombosis and the presence of 
 collateral pathways (Figs. 15.4a–c and 15.5a, b). 
This information helps determine the best proce-
dural method. For example, escape of lytic agent 
through large collaterals around an area of DVT 
may make use of the Trellis less desirable than 
other devices.

The use of a wire and catheter used to perform 
angiography or venography can improve treat-
ment outcomes and can be predictive of success. 
Rotation of the wire and/or catheter can be used 
to fragment the thrombus to increase surface area 
available to react with the lytic agent. The ability 

Fig. 15.3 Portal vein thrombosis following liver trans-
plantation. (a, b) A transhepatic catheter (arrows) demon-
strates portal and superior mesenteric vein thrombosis. (c) 
Following pulse spray thrombolysis, thrombectomy, and 

48 h of TPA infusion, portal vein flow has been restored. 
Thrombus in the splenic vein (not shown) completely 
resolved, thus providing adequate flow to maintain portal 
vein patency
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to pass a wire through an area of arterial throm-
bosis is a predictor of success in arterial inter-
ventions [55]. This underlines a basic tenet of 
thrombosis treatment: success is dependent upon 
the ability to establish both inflow and outflow.

Initial Lytic Administration

When not proceeding directly to thrombectomy, 
thrombolytic agents can be administered using 
lacing or pulse spray techniques or with some 
thrombectomy devices. During the initial admin-

istration, single or multiple doses of lytic agent 
are given. Multiple doses are administered at 
15–30 min intervals (to allow time for the lytic 
agent to act).

Lacing is the injection of lytic agent  throughout 
the length of a thrombus (usually through an end-
hole catheter). To perform pulse spray thromboly-
sis, small aliquots are injected under high pressure 
to force the lytic agent deeper into the thrombus 
to improve efficacy. Traditional pulse spray is 
 performed with a multi-side-hole catheter 
(Fig. 15.6). Certain AngioJet catheters perform an 
automated version called power-pulse spray.

Fig. 15.4 May-Thurner: Fifteen-year-old female with 
acute left leg swelling, recent change in oral contracep-
tives, and multiple family members with DVT and PE. (a) 
Femoral venogram obtained prior to IVC filter insertion 
demonstrates free floating IVC thrombus (arrows) arising 
from left common iliac vein. An IVC filter was placed 
using a jugular approach. (b, c) DSA venography shows 
left iliofemoral thrombosis (patient is prone). (d) Near-

complete thrombus resolution following AngioJet power-
pulse spray thrombolysis and thrombectomy. (e) After 
TPA infusion, thrombosis has cleared but normal ante-
grade flow through the common iliac has not been reestab-
lished. (f) CT demonstrates external compression of right 
CFA on left CFV (arrow) consistent with May-Thurner 
syndrome. (g) Several episodes of unsuccessful venoplasty 
were undertaken prior to placing a 14 mm wall stent (h)
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Other approaches include intermittent admin-
istration directly into thrombus [33] or through  
a specialized isolation thrombectomy device 
(Fig. 15.1c).

Thrombectomy

When used, a thrombectomy device is inserted to dis-
rupt, macerate, or remove thrombus (Fig. 15.5c). 
The choice of thrombectomy device is dependent 
upon institutional avail ability and thrombus location 
and extent. Venography is used to assess progress 
and determine if further intervention is necessary 
(Figs. 15.4d and 15.5d).

Thrombectomy devices should be used accord-
ing the manufacturers recommendations while 
being mindful of the differences in treatment of 
pediatric patients. For example, appropriate 
thrombectomy times for adults could result in sig-
nificant hemolysis or relatively high volumes of 
blood loss related to the lower total blood volume.

Reversible bradycardia has been reported with 
use of the AngioJet device [56]. Possible mecha-
nisms include adenosine or potassium release 
from hemolysis. Most bradycardic episodes 
resolve within seconds of stopping active throm-
bectomy. As such, short pulses of thrombectomy 
are used after breaking through the most proxi-
mal portion of the thrombus during DVT treat-
ment. Use in the pulmonary arteries has lead to 
profound bradycardia and death [57] theorized  
to be secondary to an effect on regional stretch 
receptors. As such, recommendations for use of 
AngioJet in pulmonary embolism range from 
“not indicated” [57] to “can be considered but 
suggest concomitant pacemaker insertion” [58].

Lytic Infusion

Infusion catheters and wires can be used alone or 
in combination. As such, the length of the infusing 
segment(s) can be customized to administer lytic 

Fig. 15.5 Paget-Schroetter: Fourteen-year-old baseball 
player with 3-day history of right arm pain and swelling. 
(a, b) Axillary and subclavian vein thrombosis (arrows) 
demonstrated on venogram. (c) Power-pulse spray 
thrombolysis and AngioJet© thrombectomy performed 

resulting in (d) near-complete clearance. (e, f) Venoplasty 
was performed resulting in reestablishment of flow. The 
patient was referred for urgent surgical assessment but 
required two further episodes of thrombectomy and 
venoplasty
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throughout the length of the thrombus while avoid-
ing infusion into unaffected portions of the vessel.

The choice of dose, concentration, and the rate 
and volume of infusion is optimized based on the 
location (arterial vs. venous, large vs. small ves-
sel) and patient age. See Table 15.2 for a descrip-
tion of dose levels.

The choice to provide full, partial, or no heparin-
ization is made at the discretion of the radiologist 
and hematologist. Heparin administration during 
thrombolysis has been associated with an increased 
risk of bleeding [5, 25, 59]. However, vessel 
 reocclusion is common following endovascular 
treatment in pediatric patients [59]. This finding 
supports more aggressive anticoagulation, but 
research is needed before recommendations can 
be made.

Ongoing Evaluation

Thrombosis intervention is a dynamic process 
and ongoing evaluation is required to allow 
changes in thrombolytic dose or repositioning of 
a catheter to take place as the thrombus load 
and extent change. While bedside ultrasound can 
be performed, a DSA contrast study provides  
the most accurate information regarding the 
residual thrombus burden. During thrombolysis, 
the patient is transferred from intensive care to 
the imaging suites for intermittent assessment 
(every 4–24 h) (Fig. 15.4e). The catheters are 
removed when the thrombus has resolved or 
when it is felt that thrombolysis would be of no 
further benefit. The vascular sheath can be left in 
place for heparin infusion and for bloodwork.

Fig. 15.6 Pulse spray thrombolysis technique. (a) A 
3-way stopcock is used to connect a reservoir syringe con-
taining the full dose of TPA (red arrows) and a sturdy, small 
(1 mL) syringe (green arrows) for injections. The infusion 
catheter (not shown) attaches at the white arrow. (b) The 
injection syringe is filled with a small volume (0.1–0.3 mL) 

of TPA (yellow arrows). (c) Push the plunger of the injec-
tion syringe against the closed 3-way stopcock to generate 
pressure (red arrow). (d) While maintaining pressure, the 
stopcock is opened causing the plunger of the injection 
syringe to quickly depress (red arrows), causing TPA to be 
forcefully ejected through the infusion catheter
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While there is some controversy [25], q 4–6 h 
bloodwork is obtained to monitor coagulation 
parameters (CBC, INR, PTT, fibrinogen, 
d-dimers). Symptomatic bleeding or blood value 
derangements may require supplementation  
with cryoprecipitate, FFP, or blood transfusion. 
In case of severe acquired hypofibrinogen-
emia due to marked consumption, the use of 
plasma- derived fibrinogen concentrates may be 
warranted.

Dilatation/Stent Placement

Underlying anatomic causes of thrombosis are 
sometimes defined following resolution of throm-
bosis. When a significant lesion is identified, dil-
atation ± stent placement is considered. Given the 
long life expectancy in pediatric patients, stents 
are not placed as readily as in adults. Pediatric 
interventional radiologists will often assess the 
outcome of dilatation alone prior to consideration 
of stent placement (Figs. 15.4f–h and 15.5d–f).

Postprocedure Care/Follow-Up

Due to the high rate of rethrombosis in pediatric 
patients [59], therapeutic heparin levels should be 
attained as soon as possible after the inter vention 
is complete. Patients are switched from UH to a 
longer-acting anticoagulant (LMWH, OVKA) 
shortly afterward. Antiplatelet agents may also be 
added at the discretion of the thrombosis team.

Thrombectomy-associated hemolysis can 
lead to hemoglobinuria and potential renal dam-
age. In these patients, hyperhydration should be 
performed and the urine monitored for the pres-
ence of blood. BUN and creatinine should be 
assessed in the presence of hematuria.

The patient is followed by the thrombosis ser-
vice to monitor anticoagulation. Thrombophilia 
testing is undertaken as described in the section 
above.

Patients who underwent IVC filter insertion 
should be followed to assure the filter is removed 
as soon as possible.

Appropriate long-term follow-up by interven-
tional radiology has not yet been defined. 

Collaborative studies to determine outcomes and 
appropriate multidisciplinary follow-up would be 
beneficial.

Venous Thrombosis

Indications/Contraindications [2, 60]

Indications and contraindications are included in 
Table 15.3.

Preprocedure Work-Up

Imaging
As stated in the section above, the patient’s 
existing imaging studies should be reviewed 
and further studies ordered if warranted. 
When venous thrombosis is secondary to an 

Table 15.3 Indications/contraindications for venous 
thrombosis intervention

1.  Strong indications for thrombolytic therapy in 
neonates and children:
(a) Life-, limb-, or organ-threatening thrombosis

     –    Arterial or venous thrombosis causing tissue 
ischemia

     –   SVC syndrome due to thrombosis
     –   Massive PE with cardiovascular collapse
     –   Bilateral renal vein thrombosis
     –    Cerebral sinovenous thrombosis with 

progressive neurologic deficits
     –   Large atrial thrombi
     –    Congenital heart disease with shunt 

obstruction
2. Intermediate indications in neonates and children:

(a) Acute obstructive iliofemoral or IVC thrombosis
(b) Anatomic compressive syndromes

     –   May-Thurner syndrome
     –   Paget-Schroetter syndrome
Contraindications to thrombolytic therapy in neonates 
and children:
1.  Major surgery 7–10 days
2. Active bleeding
3. CNS surgery/ischemia/bleeding/trauma within 30 days
4. Seizures within 48 h
5. Inability to maintain platelet count >50,000/μL
6. Inability to maintain fibrinogen >100 mg/dL
7. Uncontrolled hypertension

Source: Elsevier
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underlying disease such as malignancy, addi-
tional imaging may be warranted to exclude an 
intracranial metastasis. The extent of the throm-
bosis should be detailed by a preprocedure 
imaging study. In children, due to their small-
size duplex, US may be the most easily acces-
sible modality to determine the extent of 
thrombosis. The SIR guidelines for lower 
extremity thrombus recommend venographic 
imaging whenever possible for complete throm-
bus extent but alternatively US assessment for 
calf vein thrombus and MR/CT imaging for 
iliofemoral thrombus [25].

Bloodwork
Prior to venous thrombolysis basic hematological 
parameters such as a CBC, PTT, INR, fibrinogen, 
d-dimers, factors, BUN, and creatinine should be 
performed.

Thrombophilia testing is undertaken as 
described in the section above.

History and Physical
A venous thrombosis history should include 
thorough description of the acute thrombosis 
event and timing and prior history of DVT and 
review of risk factors for thrombosis and those 
associated with relative and absolute thromboly-
sis contraindications (see Tables 15.1 and 15.3) 
and any coexisting morbidities. A physical 
examination should be performed including 
assessment of extent of the extremity edema, 
perfusion, neurologic status, extremity circum-
ference, and pulses. The presence of phlegmasia 
cerulea dolens increases the risk of arterial 
insufficiency and compartment syndrome and 
the ultimate risk of venous gangrene and ampu-
tation [25].

Multidisciplinary Discussion
Interdisciplinary discussion between thrombosis 
team, interventional radiology, and, when appro-
priate, vascular surgery services should be under-
taken to determine the best treatment approach 
for the patient depending on extent of thrombo-
sis, duration of symptomatology, and patient risk 
factors.

Equipment

 – General thrombolysis equipment is outlined in 
the section above.

 – Thrombolysis catheters, as previously stated, 
are small-bore catheters (3–5 Fr) which can  
be placed across the thrombosed segment in 
younger children facilitating the infusion of 
low-dose thrombolytic directly into the clot, 
thereby reducing the risk of major bleeding 
[5]. A bolus of thrombolytic therapy such as 
4–10 mg (TPA) may be initially infused over 
10 min through the infusion catheter.

 – More recently catheter-directed thrombolysis 
assisted by US thrombus fragmentation 
(EKOS EndoWave, EKOS, Bothell, WA) may 
potentially further reduce the length of throm-
bolytic infusion [44].

 – All pharmacomechanical devices are effective 
in the acute clot setting (<14 days) as clot 
extraction is maximal [14].

 – The AngioJet system offers the advantage of a 
small sheath (4 Fr) for access to smaller-sized 
vessels in the pediatric population.

 – The Trellis Peripheral Infusion System is par-
ticularly useful in acute short-segment venous 
thrombosis and utilizes a technique called 
“isolated thrombolysis” [61]. The advantage 
of this device in  children includes the pres-
ence of occlusion balloons that are inflated 
proximal and distal to the thrombus to confine 
the thrombolytic agent to the treatment area 
and thereby limit systemic delivery and com-
plications. In  addition the diameter of the 
proximal and distal balloons varies from 5 to 
16 mm and the treatment segments from 15 to 
30 cm allowing for flexibility in treatment seg-
ments. TPA dosing of 3–5 mg for the 15 cm 
length and 5–10 mg for the 30 cm length 
administered over 5–10 min is recommended 
within the treatment segment [22]. The device 
is currently available in 6 and 8 Fr diameters.

 – In the setting of subacute/chronic clot (15 to 
>28 days), one should consider the combina-
tion of catheter-directed infusion therapy and 
pharmacomechanical therapy to increase clot 
retrieval [14].

M. Temple et al.



241

Procedure Technique

Basic procedural technique is discussed in the 
section above. Potential issues with mechanical 
rheolytic thrombectomy devices include volume 
overload, hemolytic anemia, hyperkalemia, and 
bradycardia from adenosine release especially in 
younger children. In general these issues are 
more likely in venous thrombolysis due the 
larger size of vessels and greater clot burden 
than in arterial thrombosis. A potential technique 
to reduce the risk of bradycardia from mechani-
cal thrombectomy may be to mechanically 
remove the more central portion of the clot 
toward the end of thrombolysis to reduce sys-
temic adenosine release (i.e., leave a 1–2 cm 
“cap” of thrombus until the end).

Excessive blood loss is also a consideration 
especially in smaller children. Close monitoring 
of the effluent is advised to ensure that clot frag-
ments and not fresh blood is being extracted. The 
estimated blood loss calculation is recommended 
to be half the total effluent at the end of the 
thrombolysis session.

Rheolytic catheters are available in a variety 
of French sizes and types, and the ability to 
 perform pharmacomechanical thrombolysis, 
i.e., “power-pulse” mode, is limited to specific 
catheters not including the smaller French 
sizes.

The vascular access created for endovascular 
techniques can be used for adjunctive therapies 
such as angioplasty and venous stenting when 
required especially for venous compression syn-
dromes [59, 62, 63].

In the setting of venous thrombolysis angio-
plasty will play a large role in restitution of flow, 
more so than arterial thrombolysis. The access 
sheath placed should be sized with a view to 
delivery and removal of the maximal-sized bal-
loon angioplasty catheter required particularly in 
the setting of a compression syndrome.

Venographic confirmation of a compression 
syndrome can be performed once restoration of 
flow is achieved.

Stenting has greater long-term implications in 
children. In lower extremity compression syn-

dromes (i.e., May-Thurner), stenting should be 
considered in the setting of failed venous angio-
plasty (Fig. 15.4h) [63].

In upper extremity compression syndrome 
(i.e., Paget-Schroetter), stenting does not play a 
role due to the high risk of stent fracture and 
occlusion. Prompt surgical decompression of 
the thoracic outlet ± vein grafting is advised 
post thrombolysis. Repeat interval venography 
and venoplasty may be required (Fig. 15.5f) 
[59, 64].

Postprocedure Care

Basic postprocedure care is discussed in the sec-
tion above. Patients undergoing thrombolysis need 
close monitoring of coagulation parameters such 
as PTT, INR, platelets, and fibrinogen, initially 
every 4 h. If fibrinogen decreases to <100 mg/dL, 
the thrombolytic dose is adjusted accordingly to 
reduce the risk of systemic hemorrhage.

Biochemical parameters such as potassium, 
urine macroscopic hemoglobin, hemoglobin, and 
hematocrit should be performed to assess the 
presence of systemic hemolysis and blood loss.

When partial heparinization is utilized during 
thrombolysis, varying strategies are utilized. 
Unfractionated heparin can be administered based 
on weight (i.e., 10 U/kg/h) or titrated to achieve 
specific anti-Xa levels or PTT in the low therapeu-
tic range (60–80 s1). At cessation of thrombolysis, 
heparin infusion is increased (to 20 U/kg/h) and 
titrated to achieve a PTT range of 80–100 s 
(Footnote 1) as quickly as possible to reduce the 
risk of rethrombosis. At the discretion of the 
hematology service, patients may initially be tran-
sitioned from unfractionated heparin to LMWH 
and finally to warfarin for 3–6 months.

Patients with lower extremity venous throm-
bosis are advised to wear a below the knee, low to 
medium compression garment for life [65].

1 Note that there is variation in PTT values between insti-
tutions. Correlate recommendations with target values for 
your institution.
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Follow-Up

Patients undergo hematological follow-up at  
1 month post procedure and annually thereafter 
for PTS assessments. Thrombophilia testing is 
performed as discussed in the Preprocedure 
Work-up section above.

At the discretion of the hematology team inter-
val imaging, either MRV or US may be  performed 
to confirm patency and thereafter as clinically 
indicated. Ultrasound is limited in the iliac/IVC 
region due to reduced visualization.

In addition, clinic visits is recommended after 
anticoagulation cessation may also occur for 
screening of PTS development. Such visits usu-
ally occur at 12–18- month intervals.

Arterial Thrombosis

General/Background Information

Arterial thrombosis is encountered less com-
monly in the pediatric population than venous 
thrombosis and is often related to catheterization 
[66]. Other causes include sepsis, cardiac dis-
ease, underlying coagulation abnormality, and 
transplant-related issues [29, 67–70]. Table 15.4 
outlines arterial thrombosis in children. Common 
causes in neonates include dehydration, maternal 
diabetes, sepsis, cardiac disease, or placental 
embolism.

Prompt diagnosis and administration of treat-
ment is essential to minimize risk of limb or 
organ loss.

Indications/Contraindications

Surgery is the treatment of choice for a limb at 
imminent risk. Interventional techniques are used 
when the limb is marginally threatened, patient 
vessels are too small for surgical intervention, or 
there is a need to treat thrombosis at a capillary/
tissue level (Figs. 15.7 and 15.8). SIR guidelines 
for treatment of lower limb ischemia in adults 
recommend interventional treatment for category 

IIa and surgery for IIb ischemia as defined in 
Table 15.5 [24].

Noninvasive treatment methods should also 
be considered. Anticoagulation remains a good 
first- line treatment when limbs are not at 
imminent risk. Heparin has been found to 
effectively treat arterial thrombosis in approxi-
mately 71 % of patients following cardiac 
catheterization [71]. Hyperbaric oxygen ther-
apy has been reported to successfully treat 
posttransplant hepatic arterial thrombosis in 
pediatric patients [72]. In neonates, in whom a 
spastic vascular component post  catheter inser-
tion may also play a role in acute arterial 
obstruction, the topical application of a vasodi-
lator may be beneficial (i.e., topical nitroglyc-
erin 2 % ointment) [73].

Table 15.4 Etiology of arterial thrombosis

Commonly described causes of arterial thrombosis in 
children:
1. Catheterization
 (a) Angiography
 (b) Umbilical artery catheters
 (c) Peripheral arterial catheters
2. Congenital heart disease
 (a)  Postsurgical—heart valves, Blalock-Taussig shunt, 

post Fontan or other shunt procedure, PDA ligation
 (b) Underlying disease—PDA, VSD, cardiomyopathy
3. Infection
 (a) Haemophilus influenza meningitis
 (b) Pneumonia
 (c) Infective endocarditis
 (d) Sepsis
4. Transplant
 (a) Liver
 (b) Renal
5. Trauma
6. Vascular
 (a) Takayasu’s arteritis
 (b) Kawasaki disease
 (c) Behçet’s disease
 (d) Polyarteritis nodosa
7. Congenital disorders
 (a) Thrombophilia
 (b) Hyperlipidemia
 (c) Hyperhomocysteinemia
8. Heparin-induced thrombocytopenia
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Preprocedure Work-Up

The preprocedure work-up takes place as outlined 
in the section above. Careful attention should be 
paid to the neurologic and perfusion status of 

affected limbs—a change in status may necessi-
tate a change in treatment approach. Compartment 
syndrome can result from mus cular reperfusion. 
Orthopedic surgery should be consulted when 
arterial thrombolysis is performed.

Fig. 15.7 Three-day-old infant of diabetic mother with 
life-threatening aortic thrombosis. The patient was too ill 
to undergo surgical thrombectomy so thrombolysis was 
undertaken. (a) Aortogram (via brachial artery) shows 
complete obstruction of aorta. Note poor celiac flow, 
absent superior mesenteric flow, and reconstitution of left 
common femoral artery. (b) TPA boluses and manual 

aspiration resulted in fragmentation of aortic thrombus 
and improved renal and mesenteric flow. (c) With further 
aspiration and dissolution, the right common iliac artery 
was accessed. (d) Radiopaque markers (arrows) delineate 
the area of TPA infusion on a thrombolysis catheter. The 
neonate died secondary to complications of intestinal 
ischemia
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Equipment

Equipment for arterial thrombectomy and throm-
bolysis is described in the section above.

Compared with DVT, arterial therapy is gener-
ally performed in smaller vessels and will require 
the use of smaller, repurposed equipment. For 
example, thrombectomy catheters designed for 
use in coronary arteries (through a 4 Fr sheath) can 
be used to perform thrombectomy in small periph-
eral vessels, or 0.035″ infusion wires can be used 
in the place of larger (3–5 Fr) infusion catheters. 

Microcatheters have been used to  perform 
 catheter-directed thrombolysis of hand vessels in a 
neonate [74].

Procedure Technique

The basic approach to treatment is outlined in the 
section above. While thrombectomy is commonly 
performed, patients will often require thromboly-
sis for complete resolution. Again, the level of 
anticoagulation during intervention is controver-
sial. Frequent (q 4–24 h) imaging  follow- up is 

Fig. 15.8 (a) RAO view shows complete occlusion of 
(transplant) renal artery (arrow). (b) After three TPA 
boluses, flow to major arteries has been reestablished. 

Note the lack of perfusion secondary to small vessel 
thrombosis. (c) Parenchymal perfusion improved dramat-
ically after TPA infusion

Table 15.5 Clinical categories of clinical limb ischemia

Category Description Prognosis

Findings Doppler

Sensory loss Motor deficit Arterial Venous

I Viable No immediate threat None None Audible Audible
II Threatened
IIa Marginal Salvageable if 

promptly treated
Minimal 
(toe) or none

None Inaudible Audible

IIb Immediate Salvageable if 
immediately 
revascularized

More that 
toes, rest pain

Mild/moderate Inaudible Audible

III Irreversible Major tissue loss or 
permanent nerve 
damage inevitable

Profound, 
anesthetic

Profound, 
paralysis (rigor)

Inaudible Inaudible

Reprinted with permission from Rutherford RB, Baker JD, Ernst C, Johnston KW, Recommended standards for  
reports dealing with lower extremity ischemia: revised version. Porter JM, Ahn S, Jones DN., J Vasc Surg. 1997 Sep; 
26(3):517–38 [78]
© 1997 Elsevier [78]
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performed until resolution of thrombosis or no 
further benefit is felt to be possible.

As there are no valves, arterial access can  
be obtained using an antegrade or retrograde 
approach based on patient size and anatomy or 
area to be treated and available equipment. For 
example, a teenager with thrombosis of the dor-
salis pedis artery may require antegrade puncture 
of his ipsilateral femoral artery in order for an 
infusion catheter to reach the treatment area. The 
same lesion in a toddler could also be approached 
through a retrograde puncture of the contralateral 
femoral artery.

The rate of thrombolytic infusion for arterial 
thrombosis is much lower, and the concentration is 
much higher than that used in DVT treatment (see 
Table 15.2 for dose and rate information). Arterial 
flow, especially in the presence of capillary/tissue 
level thrombosis can be quite slow (Fig. 15.8).

Postprocedure Care

Careful sensory and motor function assessment 
and monitoring of pulses is performed frequently 
while undergoing active treatment in the inten-
sive care unit.

Full anticoagulation should be instituted as 
quickly as possible after completion of the inter-
vention. Change to a long-acting anticoagulant 
and platelet inhibitor is instituted in conjunction 
with the thrombosis service.

As pediatric arteries are prone to spasm, con-
current administration of a vasodilator (such as a 
calcium channel blocker) can be considered [75–
77]. The patient should also be monitored for 
signs of compartment syndrome that can occur 
with arterial reperfusion.

Follow-Up

Patients undergo hematological follow-up at  
2 weeks post procedure and annually thereafter 
for screening for peripheral arterial insufficiency 
assessment. Thrombophilia testing is performed 
as discussed in the Preprocedure Work-up sec-
tion above.

Chapter Summary

Thrombosis Overview
Background
• Increasing incidence
• Significant morbidity/mortality
• Anticoagulation, systemic or local thromboly-

sis, and surgical or percutaneous thrombec-
tomy possible

• Very limited pediatric literature

Pediatric Coagulation
• Developmental hemostasis can impact treat-

ment approach
• Efficacy of thrombosis intervention decreases 

after 2 weeks

Indications/Contraindications
 – See Tables 15.1 and 15.3

Preprocedure Work-Up
• Imaging

 – Review pertinent imaging
 – Obtain head MRI if there is possible CNS 

abnormality before thrombolysis
• Bloodwork

 – CBC, INR, PTT, fibrinogen, d-dimers, 
blood group and hold

 – BUN, creatinine
 – Thrombophilia testing

∘	 4–6 weeks after anticoagulation (for 
most)

∘	 >12–18 months of age
• History/physical

 – Risk factors (Table 15.2)
 – Leg circumference (DVT), neurologic 

assessment, perfusion, pulses
• Multidisciplinary discussion

 – Thrombosis, intensive care,  vascular/plas-
tic/orthopedic surgery

Equipment/Drugs
• Drugs

 – See Table 15.2 for commonly used drugs
• Blood products

 – RBC, FFP, or cryoprecipitate for specific 
derangements
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 – Consider plasminogen administration 
(FFP) to facilitate thrombolysis

• Thrombolysis equipment
 – Catheters—3–5 Fr end-hole, multiple side- 

hole infusion catheters
 – Wires—infusion wires available
 – Specialized—ultrasound-enhanced catheter

• Thrombectomy equipment
 – Balloons (Fogarty, venoplasty balloons)
 – Catheters—large bore
 – Specialized devices—(e.g., AngioJet, 

Trellis, etc.)

Procedure Technique
 1. Patient preparation

(a) Consent
(b)  Consider double-maintenance fluid and 

 bladder catheterization if there is chance 
of hemoglobinuria

(c) Arterial/IV access
(d) Sedate vs. GA

 2. Filter insertion
(a) Controversial in DVT treatment
(b) See Chap. 11

 3. Vascular access
(a) Antegrade preferred for DVT
(b) Vascular sheath (3–9 Fr)

 4. Define thrombus
(a) DSA—thrombus extent, collaterals

 5. Initial lytic administration
(a) Lacing, pulse spray, power-pulse spray
(b) Allow 15–30 min between multiple doses

 6. Thrombectomy
(a)  Keep small pediatric blood volume in 

mind
(b) Monitor for bradycardia

 7. Thrombolysis
(a)  Infusion catheter/wire based on anatomy 

and extent of clot
(b) ICU admission
(c) Concomitant heparinization controversial

 8. Ongoing evaluation
(a) DSA q 4–24 h to monitor progress
(b)  Blood: CBC, coagulation parameters q 

4–6 h
 9. Dilatation/stent placement

(a)  Treat underlying hemodynamically sig-
nificant lesions

(b)  Dilatation preferred over stenting in pedi-
atric patients

Postprocedure Care
• High rate of early rethrombosis

 – Reestablish therapeutic anticoagulation
 – Imaging to monitor outcome

• Monitor for renal issues if hemolysis possible
• Appropriate long-term IR follow-up not 

established

Venous Thrombosis
Procedure
• Thrombolysis

 – 3–5 Fr catheters placed through thrombus
 – 4–10 mg TPA bolus over 10 min

• Thrombectomy
 – Clear distal thrombus initially leaving  

central “cap” with rheolytic devices 
(decrease bradycardia)

• Venoplasty
 – Often required in May-Thurner and Paget- 

Schroetter
 – Stenting may be required in May-Thurner 

but contraindicated in Paget-Schroetter

Postprocedure Care
• Below knee, low to medium compression 

garment
• Thrombosis follow-up at 1 month
• MRV/US to assess ongoing patency

Arterial Thrombosis
Background
• Usually iatrogenic
• Consider noninvasive methods of treatment
• Intervention undertaken when limb at risk (not 

imminently) or surgery not possible

Procedure
• Antegrade or retrograde access
• Thrombectomy used but thrombolysis often 

required
• Slower infusion rates (0.5–2 mL/h) compared 

to DVT treatment (50–100 mL/h in adults)
• Consider vasodilator if spasm is present
• Follow pulses, neurologic assessment
• Monitor for compartment syndrome

M. Temple et al.
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Introduction

The lymphatic system plays an essential role in 
fluid transport within the body. To support cellu-
lar respiration, the circulatory system transports 
oxygen, carbon dioxide, nutrients, and waste 
products to and from cells throughout the body. 
This delivery is facilitated by exchange of fluid 
(plasma) and solutes across capillary membranes 
(secondary to the Starling forces of hydrostatic 
and osmotic pressure). The process is not 100 % 
efficient and results in a small net outflow of fluid 
from the capillaries into the tissues. In adults, the 
extracellular lymphatic fluid volume is approxi-
mately 12 L [1], and the thoracic duct carries 
around 2.5 L of this excess fluid from the tissues 
back into the venous system daily [2]. Secondary 
lymphatic system functions include fat transport 
from the small intestines and presentation of anti-
gens to immune cells within lymph nodes.

In the 1950s, radiologists developed diagnos-
tic lymphangiography to investigate primary and 

secondary cancers and suspected lymphatic 
abnormalities. The procedure was technically 
challenging and time-consuming, requiring isola-
tion and puncture of a lymphatic duct on the 
 dorsum of the foot. Following development of 
cross-sectional imaging (CT and MRI), lym-
phangiography fell out of favor.

Recently, however, there has been a resur-
gence in the use of lymphangiography related 
to development of percutaneous embolization 
methods to treat lymphatic leaks and technical 
simplification of the procedure. Constantin Cope 
pioneered thoracic duct and lymphatic vessel 
interventions [3–6] that have now been reported 
in pediatric patients [7]. The development of 
intranodal contrast administration has greatly 
simplified the procedure [8, 9].

Lymphatic leaks can be either congenital or 
acquired. The congenital or the idiopathic leak 
can be divided further into two major categories: 
(1) occlusion of the upper part of the thoracic 
duct with development of compensatory collater-
als and (2) chylous leak in the presence of a lym-
phatic malformation. The hypothesis for thoracic 
duct occlusion is subclinical trauma, which leads 
to the development of multiple lymphatic collat-
erals. If one of these collaterals abuts a serous 
surface (pleural, pericardial, or peritoneal), it can 
rupture and then result in chylous leak.

Acquired causes are related to either direct or 
surgical trauma, tumor, and radiation therapy. 
Lymphatic leaks in the pediatric age group are 
most often related to surgical intervention.
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The loss of large volumes of lymphatic fluid 
leads to loss of proteins and lymphatic cells that 
can eventually lead to death [6, 10]. Conventional 
treatments including dietary fat restriction and 
octreotide administration are not always successful 
[11]. Identification of the exact location of the duct 
during surgical thoracic duct ligation can be quite 
difficult and limits the success of the technique 
[10]. Another limitation of surgical intervention is 
the inability to accurately identify the site of lym-
phatic leak. Ligating the duct above the leak or 
causing redistribution or increasing lymphatic col-
laterals can worsen symptoms. Thoracic duct 
embolization represents a minimally invasive, 
accurate, and effective treatment method.

Anatomy

The lymphatic vessels form a unidirectional fluid 
transport system. Valves located in the ducts 
function to provide antegrade lymphatic flow. 
Endothelial microvalves are also theorized to 
exist [12].

Lymphatic capillaries are diffusely distributed 
in tissues throughout the body. They coalesce to 
form larger lymphatic channels that include lymph 
nodes distributed along the pathways. Fluid from 
the lower extremities is carried through the iliac 
and lumbar lymphatics. These networks meet with 
lymphatic channels from the liver and intestines 
and form a lakelike cavity, the cisterna chyli that 
drains through the thoracic duct. The thoracic duct 
enters the venous system usually at the junction 
between the left jugular and subclavian veins. 
Lymph from the left arm, chest, and face joins the 
thoracic duct. The right arm, face, and chest drain 
through the smaller right lymphatic duct.

The cisterna chyli is variable in shape with 
ovoid or triangular configurations being the most 
commonly encountered. It often lies anterior to 
the L1–L2 vertebral bodies, to the right of the 
aorta and posterior to the right crus of the dia-
phragm (Fig. 16.1).

Small lymphatic-venous connections are nor-
mally present but are not visualized unless an 
obstruction is present (Fig. 16.2) [13–15].

Indications/Contraindications

Lymphangiography is performed for both diag-
nostic and interventional purposes. The most 
common indication for intervention is chylo-
thorax following cardiac surgery that is not 

Fig. 16.1 Cisterna chyli. A linear collection of oily 
 contrast drops opacifies the cisterna chyli overlying the  
L2 vertebral body

Fig. 16.2 Lymphatic disruption to treat congenital chy-
loperitoneum. (a) Ultrasound (US) shows large-volume 
fluid collection. Fetal urinary drain placed to decompress 
chyloperitoneum in utero became displaced into the 
abdomen (white arrow). (b) US used to insert a 22-G 
Angiocath into the groin lymph node. (c) FLASH and  
(d) MIP MR images showing dilated lumbar collaterals 
(yellow arrowheads) perirenal lymphatic leak (yellow 
arrow) and opacification of the azygous vein through 
lymphovenous channels (white arrowheads). (e) Delayed 

FLASH image shows accumulation of peritoneal  
contrast and “staining” of the perilymphatic tissues.  
(f) Fluoroscopic freeze frame image showing location of 
leaking lymphatic vessel. Note “chaser” technique used 
to access pelvic node. (g) AP and (h) lateral images show 
22-G needles used to disrupt the leaking duct. (i) Chest 
radiography performed 48 h after lymphangiogram 
shows passage of Lipiodol to jugular lymph nodes (black 
arrow). (j) US image 4 months after procedure shows 
near complete resolution of ascites
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Fig. 16.2 (continued)
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Fig. 16.3 Lymphatic ectasia. (a, b) Lipiodol injection 
demonstrates abnormal lymphatic flow down the legs and 
around the abdominal wall in patient with severe 
 lymphatic ectasia and absence of central lymphatic ducts. 

(c) Congenital lymphatic ectasia with abnormal retrop-
eritoneal and bronchial lymph channels. (d) Congenital 
ectasia with peribronchial channels that were the cause of 
chylothorax

controlled by conservative measures and/or 
after failed surgical thoracic duct ligation. 
There are many diagnostic indications  including 
characterization of lymphatic abnormalities or 
determination of the location of thoracic, 
abdominal, or pelvic lymphatic leaks (Figs. 16.2c–f, 
16.3, and 16.4a). There are numerous reports of 
cessation of lymphatic drainage following diag-
nostic lymphangiography with oil-based contrast 
[16–18].

Other than uncorrectable coagulopathy, there 
are no specific contraindications to performing 
lymphangiography. However, use of oily contrast 
is absolutely contraindicated in patients with an 
active right-to-left cardiac shunt due to the risk of 
arterial embolization. Water-soluble contrast 
should be used in any patient with an intracardiac 
shunt. However, in unusual cases, oil-based con-
trast could be considered in patients who have 
only a potential shunt (e.g., patent foramen ovale 
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with no active shunting detected), but the possi-
bility of arterial embolization must be discussed 
with the patient. Oil-based contrast can cause 
pneumonitis [19, 20] so caution must be exer-
cised in patients with limited respiratory reserve. 
Patients with impaired renal function are not can-
didates for MR lymphangiogram study with gad-
olinium injection.

Equipment

• For intranodal injection in the groin:
 – 25-G-long needle, short connecting tube, 

5 mL syringe
• For pedal access:

 – Surgical microscope/magnifying surgical 
loupes, methylene blue, local anesthetic, 
 scalpel, and surgical dissection equipment

 – 30-G Cook Lymphangiography needle 
(Cook Medical, Bloomington, USA)

 – Local anesthetic

• Contrast media:
 – Gadolinium (diluted 1:1–1:2 with normal 

saline [21]1)
 – Oil-based contrast (Lipiodol, EZ EM, 

Montréal, Canada)
 – Water-soluble contrast with high iodine 

content (Omnipaque 350, GE Healthcare, 
Fairfield, USA)—used if right-to-left 
shunts are present

• For embolization:
 – 22-G-long Chiba needle (tip is bent slightly 

for easy maneuverability)
 – Sturdy wire with floppy tip (0.018″ V-18 

ControlWire guidewire, Boston Scientific, 
Natick, USA)

 – High-flow 2.3F short-length microcatheter—
(65 cm 2.3F Rapid Transit, Boston 
Scientific, Natick, USA)

 – Various embolization coils, cyanoacrylate 
glue, tantalum powder

1 At author’s institution, 0.1 mL/kg of Gadovist® is diluted 
with 0.2 mL/kg NS.

Fig. 16.4 Thoracic duct embolization with coil. (a) The 
thoracic duct was opacified using a microcatheter (white 
arrow) delineating a pericardial lymphatic leak (black 

arrowhead). Note the site of previously attempted surgi-
cal ligation (black arrow). (b) A coil was deployed in the 
thoracic duct (black arrow)
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Pre-procedure Workup

No specific blood work is necessary although 
complete blood count (CBC) with group and 
hold can be considered.

Procedure Technique

General anesthesia is required for both diagnostic 
and interventional components of the procedure. 
When intervention is undertaken, wide-spectrum 
antibiotic prophylaxis to cover for potential 
bowel transgression is recommended [22]. 
Dynamic MR lymphangiography is becoming 
increasingly utilized for lymphatic leak localization 
and characterization [21, 23].

The diagnostic procedure can be performed 
either by direct intranodal injection or pedal 
lymphatic duct cannulation. Intranodal injec-
tion of contrast is the preferred technique as it 
has many advantages over the pedal cannula-
tion technique. Intranodal injection is easier to 
perform, less time-consuming, and hence less 
radiation exposure to the child. Better contrast 
opacification of the thoracic duct can be 
obtained by accessing multiple nodes in the 
groin region and by accessing nodes bilater-
ally. Pedal duct cannulation requires a high 
level of skill and training to access the tiny 
lymph vessel, and success rates are not high. 
Accessing the lymphatic vessels in both pedal 
regions can be very time-consuming and takes 
a long time for the contrast to flow from the 
pedal region to the thoracic duct region. The 
technique of pedal duct cannulation is still 
important, as it is the only method to demon-
strate lymphatic leaks in the groin region fol-
lowing multiple groin punctures related to 
vascular access for cardiac catheterizations 
and interventions (Fig. 16.5).

The diagnostic lymphangiogram by intranodal 
injection can be performed using either MRI or 
fluoroscopy. At the current time, MR lymphangio-
gram with intranodal injection of dilute gadolin-
ium is becoming the method of choice for 
diagnostic assessment [21]. In many cases, MR 

lymphangiography provides additional informa-
tion regarding the cause of lymphatic leaks with-
out exposure to ionizing radiation (Figs. 16.2c–e 
and 16.6).

Diagnostic Lymphangiogram  
with Intranodal Access

A high-frequency linear probe is used to intro-
duce the tip of a small (21–25 G) needle or angio-
catheter into the medulla of a lymph node in the 
inguinal area (Fig. 16.2b). A small test injection 
with saline can help to demonstrate that the nee-
dle tip is in an appropriate position and there is no 
extravasation. Contrast must be injected slowly 
to assure that you do not “blow” the node allow-
ing contrast to leak into the surrounding tissues. 
Injection rates of oil-based contrast around 0.1–
0.2 mL/min are described in adult patients  
[17, 18, 24]. Reported injection volumes of oil-
based contrast range from 0.3 to 0.5 mL in infants 
[7], 1–6 in children [25], and 1–8 mL (with a 
maximum of 14 mL) in adults [25].

For MR lymphangiography, the angiocatheter 
is stabilized using a clear dressing and the patient 
is moved to the MRI machine. Coronal thin 

Fig. 16.5 Lymphatic leak following cardiac catheteriza-
tion. Pedal access is required to perform lymphangiogra-
phy when a lymphatic leak is suspected in the groin area
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section volumetric T1-weighted FLASH sequence 
images are obtained at regular intervals during 
the contrast injection (Figs. 16.2c and 16.6a). 
Delayed images are also obtained which better 
demonstrate the leak and accumulation of con-
trast in the serous cavities if present (Figs. 16.2e 
and 16.6b).

If extravasation occurs during nodal injection 
under fluoroscopy or if the contrast is not suffi-
cient to opacify the thoracic dust/cisterna chyli, a 
node “chaser technique” is used wherein a higher 
node in the chain along the iliac vessels can be 
accessed either by ultrasound or fluoroscopy 
(Figs. 16.2g, h and 16.7). Since a thin-bore 25-G 
needle is used, the risk of vascular injury is mini-
mal when a pelvic node is accessed.

Pedal Duct Cannulation

To facilitate visualization of a lymphatic duct prior 
to cannulation, methylene blue is injected in the 
web spaces between the toes. When a duct has 
been identified on the dorsum of the foot, local 
anesthetic is injected, and a transverse incision is 

made in the overlying skin. Blunt dissection is 
used to gently free the duct. A surgical microscope 
or loupes can be helpful to help cannulate the duct 
with a 30-G lymphangiography catheter (Cook 

Fig. 16.6 MR lymphangiogram. (a) Early and (b) delayed FLASH MR images were obtained. The delayed image 
shows the contrast leak and accumulation within the left pleural space

Fig. 16.7 “Chaser” technique. A 25-G needle has been 
inserted into a left iliac chain node to promote opacifica-
tion of the lymphatic chain
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Medical, Bloomington, USA). When successfully 
accessed, a suture is drawn around the needle to 
help it fix in place during contrast injection.

Thoracic Duct Embolization

Contrast is slowly administered during the 
embolization procedure (Figs. 16.2, 16.4, and 
16.8). If the diagnostic study was performed 
using MRI, additional Lipiodol is injected 
through the same needles after transfer to the 
fluoroscopy table. Often the cisterna chyli is 
transiently opacified with a few drops of  contrast 
(Fig. 16.1). To improve visualization, high-dose 
radiation fluoroscopy with the grid is used. The 
cisterna chyli is punctured with a 22-G Chiba 
needle. Bending the tip of the needle slightly 
can provide more maneuverability  making the 
puncture easier. When possible, a right-sided 
approach is used to minimize the risk of injuring 
the aorta.

A relatively rigid wire with a flexible tip is 
then used to gently probe through the end of the 
 needle in an attempt to pass cranially into the tho-
racic duct. When accessed, a high-flow micro-
catheter is advanced over the wire (Figs. 16.4a 
and 16.8b). Water-soluble contrast is injected to 
visualize the duct and attempt to delineate the 
area of leakage (Figs. 16.4a and 16.8c). When a 
focal leak is identified, the catheter is advanced 
beyond the area and a coil is deployed across the 
site, whenever possible. Following the coil embo-
lization, a second embolization with glue is car-
ried out proximal to the deployed coils. If the 
catheter cannot be advanced, the anatomy does 
not allow exact  targeting or a focal leak is not 
identified, cyanoacrylate glue mixed with 
Lipiodol (1:1) glue, and/or tantalum powder can 
be injected to fill the ducts as the catheter is with-
drawn (Fig. 16.8d).

In many cases, after delineating the leak, 
accessing the cisterna chyli might not be possi-
ble. In these cases, disruption of the duct by the 
needle will be sufficient to redistribute the flow of 
lymph and thus stop the life-threatening chylo-
thorax or pericardial leak [5, 26, 27].

If the patient has chyloperitoneum and a leak 
is identified below the level of the cisterna chyli, 
one can attempt to access a dilated duct below the 
level of the leak and embolize through a catheter 
as previously described. Otherwise, attempted 
disruption of the visualized ducts below the level 
can be attempted with fluoroscopy or CT 
(Fig. 16.2) [5, 26, 27].

Retrograde thoracic duct access (utilizing a 
reverse curve or coaxial catheter) and emboliza-
tion have been described [28].

Post-procedure Monitoring

Following the procedure, supportive care is 
 provided. The patient is monitored for signs of 
infection or bleeding. When a patient with a 
potential right-to-left cardiac shunt has had oil- 
based contrast administered (see description in 
“Indications/Contraindications” section), they 
should remain intubated for several hours after 
the procedure to minimize potential intracardiac 
pressure changes that may occur with extubation/
recovery.

Complications and Outcomes

Extravasation of oil-based contrast has been 
reported to cause local irritation [29, 30].

Lymphatic duct puncture can result in damage 
to any intervening structure (depending on path 
and location) including the liver, bowel, blood 
 vessels, ureter, and pancreas.

Lymphatic duct intervention works by redi-
recting lymph from embolized or damaged ves-
sels into other (hopefully intact) collateral 
channels. It can take several weeks to determine 
if a procedure has been successful. Lymph 
redistribution may be unsuccessful or can result 
in worsening of output from the site of leakage 
or a change in location (i.e. chyloperitoneum 
can develop following chylothorax treatment) 
[31]. Changes in lymphatic flow dynamics can 
lead to complications such as diarrhea or leg 
swelling [32].
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Follow-Up

Pediatric lymphatic intervention is a rapidly 
evolving but relatively new procedure. As such, no 
 specific follow-up regimen has been determined. 
In summary, pediatric lymphatic intervention is a 
rapidly evolving but relatively new procedure that 
is very effective in treating life- threatening lym-
phatic leaks and often represents the only option 
when surgical intervention has failed.

Chapter Summary

Background
• Lymphatic system essential in fluid 

homeostasis
• Lymphatic leaks

 – Congenital—occlusion, lymphatic mal- 
for mation

 – Acquired—postsurgical, trauma, radiation, 
tumor

Fig. 16.8 Thoracic duct embolization (TDE) with glue.  
(a) Fluoroscopic image shows cisterna chyli (CC) transiently 
opacified with water-soluble contrast in patient with a fenes-
trated Fontan. (b) CC accessed with 0.018″ V-18 wire and 
Rapid Transit microcatheter. (c) Contrast injection shows 

diffuse lymphatic collaterals but site of right chylothorax 
was not identified. (d) Appearance following administration 
of cyanoacrylate glue (diluted 1:2 with Lipiodol and tanta-
lum powder added). The patient developed chylous ascites  
3 weeks after TDE that resolved after 4 months
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Anatomy
• Unidirectional fluid transport
• Cisterna chyli (CC) formed by iliac/lumbar, 

hepatic, and intestinal lymphatics
• Thoracic duct carries lymph from CC to left 

jugular/subclavian vein
• Right lymphatic duct drains right arm, chest, 

and face

Indications
• Diagnostic—characterization of lymphatic 

abnormalities, localization of leaks
• Interventional—embolization of leaks

Contraindications
• Uncorrectable coagulopathy
• Oil-based contrast contraindicated with right-

to- left cardiac shunt

Equipment
Pre-procedure Workup 
• CBC, group and hold

Procedure Technique
• General anesthesia
• Obtain access

 – Intranodal access—US guidance, easy, 
21–25-G needle

 – Pedal—technically challenging, 30-G lym-
phangiography catheter

• Diagnostic lymphangiogram
 – Dynamic MR lymphangiography (1:1–1:2 

gadolinium to normal saline)
 – Fluoroscopy with oil-based or water-solu-

ble contrast
∘	 Lipiodol—0.1–0.2 mL/min in adults; vol-

ume, 0.3–0.5 mL in infants, 1–6 mL in 
children, 1–8 mL (max 14 mL) in adults

• Embolization/duct disruption
 – CC often difficult to visualize
 – Chiba needle, 0.018″ stiff wire, high-flow 

microcatheter
∘	 Water-soluble contrast to visualize leak
∘	 Coil above leak if possible, follow with 

glue; can glue without coiling if area not 
accessible or leak site not identified

• If unable to access duct, needle used to attempt 
to disrupt duct

Post-procedure Monitoring
• Supportive

Complications/Outcomes
• Contrast extravasation associated with local 

irritation
• Damage to intervening structures (bowel, 

liver, blood vessels, pancreas, etc.)
• Change in chyle output or location
• Diarrhea, leg swelling

Follow-Up
• Not currently established
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          General/Background Information 

 According to the Society of Interventional 
Radiology Standards of Practice Committee, 
image-guided percutaneous biopsy is defi ned as 
placement of a needle or needles into a sus-
pected abnormal target site for the purpose 
of obtaining tissue or cells for diagnosis [ 1 ]. 
In contrast to the adult clinical setting, image-
guided biopsies in the pediatric population have 
not yet reached a full level of acceptance [ 2 ]. 
One of the main differences is the need for 
 general sedation in most of the patients, this as 
childhood oncology has a peak in the young 
pediatric population. Of all cases of childhood 
cancer under the age of 15 years, approximately 
50 % are diagnosed below the age of 5 years [ 3 ]. 
In children, in contrast to adults, hematological 
malignancies and tumors of the central nervous 
system account for the majority of all cancers 
(Fig.  17.1 ).

   In pediatric oncology there seems to be 
 hesitance among clinicians and pathologists to 

use  percutaneous image-guided biopsies, and 
therefore, surgical excision biopsies are frequently 
obtained. In many international oncology proto-
cols, such as the SIOP E p SSG trial,  surgical 
biopsies are  actually mandatory. The rationale 
for this has always been that a surgical biopsy 
will always yield enough material for the diag-
nosis and biological studies. As in most cases 
general anesthesia is mandatory, clinicians are 
reluctant to risk an insuffi cient and therefore 
nondiagnostic percutaneous biopsy. It is interest-
ing to note that in most of these clinical 
 discussions, the  literature evidence related to 
the value of  image- guided percutaneous biopsies 
on the one hand and risk related to surgical 
 biopsies on the other hand is underexposed 
(Fig.  17.2 ) [ 4 ].

   There is ample evidence that in the hands of 
capable (pediatric) interventional radiologists, 
 percutaneous core needle biopsies (CNB) can 
be as diagnostic as surgical biopsies. A retro-
spective study was performed in the Department 
of Inter ventional Radiology, Great Ormond 
Street Hospital for Children (London, UK) [ 5 ]. 
In this study 37 consecutive CNB procedures, 
of a primary ( N  = 20) or recurrent ( N  = 10) tumor 
or lymph nodes ( N  = 7), were performed in 
24 children. The CNB procedures from the 30 
tumors and the seven lymph nodes were 100 % 
diagnostic. 

 In this chapter the indications, contraindica-
tions, materials, and techniques of needle biopsy 
will be discussed.  
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   Indications/Contraindications 

   Indications 

 The indication for image-guided biopsy is to 
obtain tissue for cytologic or histological exami-
nations from an organ [ 1 ,  6 ]. There are four main 
categories, which serve as an indication for 
image-guided biopsy:

•    In case of a mass or focal lesion, to establish 
the benign or malignant nature of a lesion  

•   To stage patients with known or suspected 
malignancy when local spread or distant 
metastasis is suspected  

•   To obtain material for microbiological analy-
sis in patients with known or suspected 
infections  

•   To determine the nature and extent of diffuse 
parenchymal diseases     

  Fig. 17.1    Childhood cancer: SEER incidence rates 2002–
2006 by ICCC Group (includes Group III benign brain 
(2004–2006) and myelodysplastic syndromes) under 20 
years of age, both sexes, all races (Data: The Surveillance, 
Epidemiology, and End Results [SEER] Program of the 
National Cancer Institute [NCI]). All material in this report 
is in the public domain and may be reproduced or copied 
without permission. From Horner MJ, Ries LAG, Krapcho 

M, Neyman N, Aminou R, Howlader N, Altekruse SF, 
Feuer EJ, Huang L, Mariotto A, Miller BA, Lewis DR, 
Eisner MP, Stinchcomb DG, Edwards BK (eds). SEER 
Cancer Statistics Review, 1975–2006, National Cancer 
Institute. Bethesda, MD,   http://seer.cancer.gov/csr/1975_ 
2006/    , based on November 2008 SEER data submission, 
posted to the SEER web site, 2009 [ 62 ]       
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   Contraindications 

   Abnormal Coagulation Time 
 Normally biopsies of superfi cial structures, for 
instance, in the groin and the neck, can be taken with-
out any coagulation studies. When bleeding occurs, 
manual compression will achieve hemostasis. 

 For all chest and abdominal biopsies as well 
as for all deep-seated lesions, standard partial 
thromboplastin time (PTT) and prothrombin time 
(PT) and a platelet count should be obtained. 

 An uncorrected bleeding diathesis is a contrain-
dication for biopsies, especially those taken from 
parenchymatous organs (liver, spleen, and kidney). 
Patients using nonsteroidal anti- infl ammatory drugs, 
e.g., aspirin, are advised to stop medication and 
defer the biopsy for 10 days. However, a study by 
Atwell showed no signifi cant association between 
aspirin use within 10 days before biopsy and signifi -
cant bleeding after biopsy of any specifi c organ [ 7 ].  

   Ascites 
 Ascites is thought to be a risk factor for bleeding 
after liver biopsies; however, literature, obtained 
from adult studies shows no statistically signifi -
cant higher risk of minor or major bleeding com-
plications after image-guided percutaneous liver 
biopsies in the presence of perihepatic ascites, 
given a normal coagulation status [ 8 ,  9 ].  

   Single Native Kidney 
 The presence of a single native kidney is by 
many nephrologists considered to be an absolute 

contraindication to percutaneous image-guided 
biopsy [ 10 ,  11 ]. The rationale is that if a serious 
adverse event would occur, the patient might 
become anephric. With regard to these adverse 
events, one can think of persistent AV fi stulas or 
persistent hemorrhage, leading to a partial or even 
complete nephrectomy. Interestingly percutaneous 
biopsies of renal transplant, even non- image 
guided, are a standard procedure in everyday pedi-
atric transplant nephrology.  

   Absence of Safe Percutaneous 
Approach 
 Overlying bone or bowel structures can be the 
cause of a contraindication for safe percutaneous 
approach. Bear in mind, during planning of the 
biopsy approach, that ultrasonography (US)-
guided biopsies have the advantage that overly-
ing bowel loops, can sometimes be pushed aside 
using compression with the transducer, so a safe 
approach can be created. In case of an overlying 
colonic loop, defl ation using a needle has been 
shown to be a safe method to obtain a free path-
way [ 12 ]. Fine needle biopsies using fi ne needles 
(20–22G) can safely transgress bowel loops.    

   Preprocedural Work-Up 

   Preprocedural Imaging 

 Proper preprocedural imaging is a key factor in the 
success of an image-guided biopsy. The interven-
tional radiologists should be fully aware of all 
prior imaging before any interventional procedure 
is planned and performed. A European study 
among CIRSE members showed that 27 % spent 
more than 80 % of their time on interventional 
radiology alone [ 13 ]. There is an international 
movement towards a separate specialty in which 
minimal invasive surgery and interventional radi-
ology are merged into one specialty [ 14 ]. This 
increasing sub-specialization in radiology has the 
inherent hazard that diagnostic and interventional 
radiology become two different entities within one 
single radiological department and that patients 
might enter the department of interventional radi-
ology for procedures without the interventional 
radiologist fully aware of the preprocedural imag-
ing and the clinical setting of the patient. 

  Fig. 17.2    Abdominal ultrasound study of a 10-year-old 
girl who underwent a surgical biopsy of a right adrenal 
gland neuroblastoma and postsurgically became anemic. 
The study shows a massive hematoperitoneum       
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 In case of ultrasound-guided biopsies, it is 
imperative that the interventional radiologist 
 performs the preprocedural ultrasound study. 
This study will allow for the assessment of safe 
approach and feasibility of the ultrasound-guided 
biopsy. He/she should also be aware of relevant 
clinical discussions in order not to interfere with 
a treatment plan previously decided upon in, e.g., 
a specialist panel (Fig.  17.3a, b ).

      Informed Consent, Sedation, 
and Patient Preparation 

   Informed Consent 
 Before starting any interventional procedure, the 
indication for the biopsy, the technique used, and 
the possible postprocedural complications and 
discomforts must be explained to the parents 
and whenever necessary to the child. In the 
Netherlands informed consent obtained from the 
patient is mandatory in children over 12 years of 
age. It is also the interventional radiologist’s duty to 
assess if it is possible to perform the biopsy under 
sedation or that general anesthesia should be used.  

   Sedation 
 One of the hallmarks of pediatric radiological 
interventions is the need for sedation in combina-
tion with analgesia. Where in the adult population 

local anesthesia will mostly suffi ce, this will 
almost never be the case in children. This aspect 
of the interventional procedure may be one of the 
reasons for the lower level of acceptance of inter-
ventional radiology in children. 

 In case of biopsies under general anesthesia, 
close collaboration between the anesthesiologist 
and the interventional radiologist is mandatory. 
The anesthesiologists will be able to obtain a period 
of apnea which can offer a window of opportunity 
to biopsy smaller lung, liver, or renal lesions. 

 Following an interventional procedure, the 
children should be observed and, depending on 
the intervention, feeding can be started but only if 
the child has regained full consciousness.  

   Patient Preparation 
 All patients must have an intravenous access prior 
to the start of the intervention. The appropriate 
personnel must have undertaken all preparations 
for sedation. The patient must be positioned in a 
comfortable position without compromising the 
puncture site, e.g., lateral decubitus for a native 
renal biopsy. The skin must be scrubbed and ster-
ilized with alcohol. Sterile drapes are used around 
the puncture site. 

 The use of sterile gowns, facial shields, and 
goggles should comply with local regulations. 
The use of sterile gloves is absolutely mandatory 
in all cases.    

  Fig. 17.3    ( a ) A 17-year-old male with an osteosarcoma 
of the right distal femur; PET-CT shows FDG uptake in a 
lymph node in the right groin. In a multidisciplinary meet-
ing it was decided that for adequate staging purposes a per-
cutaneous biopsy of this lymph node would be performed. 
( b ) Ultrasonography of the same lymph node shows an 

enlarged lymph node with a normal fat center. Based on this 
ultrasound study, the interventional radiologist, who was 
not present at the multidisciplinary meeting, decided that 
the lymph node was most likely reactive and enlarged and to 
be refrained from biopsy. As a consequence the patient  later  
had to be upstaged and treated with a high risk protocol       
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   Equipment 

   Imaging Systems 

   Ultrasonography 
 US is the most widely used technique to guide 
percutaneous biopsies. For US-guided CNB, the 
patient needs to be covered with surgical draping 
and the ultrasound probe placed in a sterile poly-
ethylene, latex-free transducer cover. The choice 
of the probe depends on the location of the mass 
to be biopsied, but a probe with a high frequency 
and thus high resolution has a distinct preference 
over a probe with a lower frequency. 

 The biopsy itself can be performed with free 
hand, i.e., the radiologist guides the biopsy nee-
dle under US guidance; this allows for maximum 
fl exibility but it requires both a steady hand and 
experience. A second technique is the use of a 
biopsy adaptor attached to the head of the ultra-
sound probe, which guides the needle (Fig.  17.4 ). 
When the biopsy adaptor is used, the needle 
 follows the path that is overlain over the ultra-
sound image by special biopsy software, thus 
possibly allowing for a highly accurate biopsy 
(Fig.  17.5 ). There are some studies in adults, 
mainly in breast imaging, with confl icting results 
[ 15 ,  16 ]. A phantom-based study by Phal et al. 
showed that although probe-guided biopsies 
were faster to perform, 20 s faster (95 % confi -
dence interval, −35 to −5 s;  P  = 0.01), sample 
quality showed no difference between tech-
niques [ 17 ]. Therefore the choice between 
these techniques is solely based on personal 
preference.

       Computed Tomography 
 Computed tomography (CT)-guided biopsy is a 
well-established technique, but given the asso-
ciated radiation dose, it should be reserved for 
those cases where US-guided biopsy is not 
 feasible [ 18 ]. 

    The lesion is fi rst localized with a focused CT 
scan with, in relation to the lesion, relatively 
thick slices; prior to the scan, radiopaque markers 
are placed on the patient. After the lesion has 

been localized, the location for needle entry 
is marked on the skin using the light beam from 
the CT scanner. The needle is introduced and 
subsequent, as few as possible, focal scans are 
performed to confi rm the needle position 
(Fig.  17.6a, b ).

   There are systems available that allow for CT 
fl uoroscopy; however, the use of this technique is 
ill advised in children as it generates a relatively 
high radiation dose compared to the technique 
described above. In all cases of CT-guided biopsy, 
the need of CT guidance should be weighed 
against the radiation risk [ 18 ].  

  Fig. 17.4    Non-disposable biopsy guide attached to 7.5 MHz 
curvilinear probe       

  Fig. 17.5    Liver biopsy using US guidance; the tru-cut 
needle ( arrow ) is positioned between the projected trajec-
tories ( dotted lines )       
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   Magnetic Resonance Imaging 
 The use of magnetic resonance imaging (MRI)-
guided biopsies in children has been described in 
literature, but its use is extremely rare [ 19 – 21 ]. 
MRI-guided biopsies can be done either accord-
ing to protocols used in CT-guided biopsies 
whereby the patient is shifted in and out of the 
magnetic bore or in a real-time environment. For 
the latter an “open” MRI is needed; for this pur-
pose a midfi eld open system or more widely 
known as “double doughnut” MRI, e.g., SIGNA 
SP/I (GEMS, Milwaukee, WI, USA), has been 
developed. This enables access to the patient in an 
almost natural position for the interventional radi-
ologist. Another option is the use of a biplanar 
magnet design, e.g., Philips Panorama (Philips 
Medical Systems, Best, Netherlands); in these 
systems two magnets are separated by fi xed sup-
ports. These systems limit patient access, and the 
interventional radiologist cannot work in a natural 
position; however, due to its design the MRI sys-
tem can be used for diagnostic work as well. The 
latter will make it possible for more centers to buy 
and run an open MRI. The future of MRI-guided 

interventional radiology could be a suite in which 
it is possible to move the MRI in and out of the 
angiography suite. 

 Besides specifi c, and sometimes dedicated, 
MR systems, MRI-guided biopsies require MR- 
compatible anesthesia equipment and biopsy sets 
(e.g., normal surgical blades are not acceptable 
and need to be replaced by non- ferromagnetic, 
plastic, or ceramic blades) [ 22 ,  23 ]. 

 In light of the highly specifi c demands of 
MRI-guided interventions, only specialized cen-
ters will be able to perform this procedure, and 
therefore, further discussion of this technique is 
outside the scope of this chapter.   

   Biopsy Systems 

   Fine Needle Aspiration 
   Introduction 
 Fine needle aspiration (FNA) is a relatively easy 
procedure that, in most instances, can be per-
formed in a regular ultrasound suite. FNA in 
pediatrics is mainly used in case of suspected 

  Fig. 17.6    ( a ) The use of grid ( arrow ) in a CT-guided 
 thoracic biopsy. The grid is used to plan the biopsy and 
is removed prior to biopsy in order to obtain a sterile 

 environment. ( b ) Thoracic CT-guided biopsy in a 5-year-old 
boy with chronic granulomatous disease. MRI showed 
spondylodiscitis with an adjacent soft tissue mass       
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infection, where it actually is the fi rst techni que 
of choice, where a culture is requested but 
 drainage is not necessary. In case of oncology it 
is widely used to assess tumor spread to adjoin-
ing or distant lymph node stations. In case of 
nodal disease of the thyroid gland, FNA is also 
the main method of choice. In almost all other 
instances, core needle biopsy will be the preferred 
method. Finally deeper-located lesions, such as 
pancreatic lesions (extremely rare in children), 
will be more approachable for FNA than CNB, 
for example, using a transgastric approach.  

   Technique and Materials 
 For FNA a standard IV needle and syringe are 
used. Some radiologists prefer to place a line 
between the needle and the syringe in which case 
the radiologist handles the needle and the radio-
logical technician handles the syringe. If an FNA 
procedure has to be done single-handed, special 
syringe grips are available. 

 As FNA is relatively nontraumatic, general 
sedation is mostly not needed. We do however 
make liberal use of EMLA cream (lidocaine 
2.5 % and prilocaine 2.5 %), which is topically 
applied at the puncture site and gives local anal-
gesia. EMLA cream has been shown to be a 
safe and effective pain relief in children under-
going procedures such as venipunctures and 
lumbar punctures [ 24 ,  25 ]. We should however 
not forget that part of this effect can also be 
ascribed to the placebo effect and that the appli-
cation should be done with attention to this 
effect [ 26 ]. 

 In case of FNA we feel that it is imperative 
that there is a direct feedback from a pathologist. 
In our clinic we routinely have a pathology assis-
tant in the room for immediate assessment of the 
quality of the aspirated material.   

   Fine Screw Needle Biopsy 
   Introduction 
 Although originally developed for pulmonary 
biopsies, we have a strong preference for the use 
of Rotex ®  needle screw biopsies (Ursus Medical 
AB, Stockholm, Sweden) in case of well- 
vascularized organs/tissues such as the thyroid or 
lymph node. Compared to FNA less admixture of 
blood cells is seen in the sample, yielding a 
biopsy with a higher sensitivity.  

   Technique and Materials 
 The Rotex ®  needle consists of an outer guide 
needle and an inner threaded needle (Fig.  17.7 ). 
The outer needle is advanced into the lesion after 
which the inner threaded needle is “screwed” into 
the lesion; after advancing the outer needle to the 
tip of the inner needle, the needles are removed. 
Along the tread of the needle, the tissue is capti-
vated, leading to a higher yield in comparison to 
FNA. The collected material can be retrieved by 
rotating the screw needle against the edge of a 
glass slide (Fig.  17.8 ).

  Fig. 17.7    Rotex needle, thin screw needle in an outer needle with a diameter of either 0.8 or 1 mm       

  Fig. 17.8    The collected material can be retrieved by 
rotating the screw needle against the edge of a glass slide       
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        Core Needle Biopsy 
   Introduction 
 Core needle biopsy (CNB) is the technique of 
choice in case of an oncological work-up; in con-
trast to FNA CNB will yield more material, and 
with the increasing use of staining techniques, 
marker studies, and genetic analysis, clinicians 
need more and more tissue samples.  

   Technique 
 For CNB one can choose for either a cutting-edge 
or the so-called “tru-cut   ” needle with or without 
an automated biopsy device (Fig.  17.9a–c ). 
Numerous variants of both devices are on the 
market, with personal experience usually guiding 
the choice for a specifi c device. A much-used 
technique is working coaxially. A needle is 
advanced into or near to the lesion, the biopsy 

needle is inserted, and biopsies are taken. Using 
this technique multiple passes are easily possible 
with a low risk of spill and thus avoiding poten-
tial complications of the procedure. A second 
advantage is that due to the coaxial needle con-
fi guration, hemostatic material can be deposited 
into the needle tract. This has been reported to 
be a very effective technique for reducing the risk 
of CNB-induced hemorrhage, especially in liver 
lesions.

   Although one would expect a signifi cant 
 difference in complication rates of blind versus 
image-guided biopsies, relatively few studies 
have been performed to demonstrate this. Nobili 
et al. reported a retrospective analysis on 140 
biopsies (64 blind versus 76 ultrasound guided) 
in which 95 % of the blind biopsies and 100 % of 
the ultrasound-guided biopsies were of diagnos-
tic quality [ 27 ]. Moreover, in the blind biopsy 
population, three patients developed signifi cant 
hemorrhage versus none in the ultrasound-guided 
population.   

   FNA Versus CNB Versus Surgical 
Biopsies 
 As medicine is more and more becoming an 
evidence- based science, it is important that 
 percutaneous biopsy techniques are adequately 
validated. Several studies into the effectiveness 
of FNA and CNB in children have been published 
[ 4 ,  28 ,  29 ]. In a meta-analysis by Sebire et al., 
overall biopsy quality was suffi cient to make a 
diagnosis of 94 % (95 % CI 92–96 %) [ 4 ]. 
The diagnostic accuracy rate in cases with 
 adequate material was 94 % (95 % CI 92–96 %). 
Complications requiring treatment occurred 
in 1 %. 

 One issue which should also be addressed 
relates to the economics of medicine. Lachar 
et al. studied the cost-effectiveness of core nee-
dle biopsy versus surgical biopsy in adult 
 lymphoma patients [ 30 ]. In their study CNB 
estab lished a pathological diagnosis deemed suf-
fi cient to begin treatment for primary and recur-
rent lymphomas in most cases. CNB, compared 
with a surgical biopsy, yield a cost savings of 
more than 75 %.    

  Fig. 17.9    ( a ) Disposable biopsy gun. ( b ) Detail of biopsy 
needle. ( c ) 18G needle containing a biopsy specimen       
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   Procedural Technique 

   Liver 

   Percutaneous Liver Biopsy 
 Dependent on the preference of the radiologist, the 
location of the liver lesion, and whether it is a focal 
or a diffuse liver biopsy, the biopsy can be guided 
by computed tomography or ultrasound [ 28 ]. 

 In case of diffuse liver disease, in most cases, 
a midaxillary route is chosen. With deep inspira-
tion, the caudal border of the pleural sinus can be 
identifi ed to avoid a transpleural puncture. After 
local anesthetic infi ltration of the skin and the 
liver capsule, two biopsies are taken in expira-
tion. Dependent of the age and size of the child, 
18 or 16G biopsy needles should be used. 

 In case of focal liver lesions, the shortest path 
is chosen; in our experience the best biopsies are 
taken from the edge of the lesion to avoid nonrep-
resentative material caused by central necrosis. 
If possible, it is advised to approach the target 
lesion through a “cuff” of normal liver tissue to 
decrease the risk of bleeding (Fig.  17.10 ). The 
normal liver tissue will tamponade a possible 
bleeding. If an intercostal route is used, one should 
puncture over the rib to avoid a bleeding from an 

intercostal artery or vein, as they are located 
directly below the rib.

   When multiple biopsies must be taken, a 
coaxial technique is advised, in which case the 
guiding outer needle passes the liver capsule only 
once, after which more biopsies can be taken 
through the coaxial guiding needle. A second 
advantage is that due to the coaxial needle con-
fi guration, hemostatic material can be deposited 
into the needle tract. This has been reported to be 
a very effective technique for reducing the risk of 
CNB-induced hemorrhage, especially in liver 
lesions [ 28 ,  31 ]. One should be aware that even 
this effective and safe technique has a risk for the 
patient, as a case of dislodged embolization mate-
rial has been described in literature [ 32 ]. 

 Patients should be warned that after a liver 
biopsy, they temporarily can experience some 
referred right shoulder pain. After the biopsy, 
patients should have bed rest for 1–2 h. Vital 
signs must be monitored. If a pneumothorax is 
suspected, a chest X-ray must be obtained.  

   Transjugular Hepatic Biopsy 
 Particularly in patients with diffuse liver abnor-
malities, ascites, and coagulopathy with a platelet 
count of less than 50,000/μL or an INR of more 
than 1.5, transjugular liver biopsies are a safe 
alternative when a percutaneous route is contra-
indicated [ 28 ]. 

 The right jugular vein is punctured and a 
sheath is placed. The right hepatic vein is 
accessed with a cobra-shaped catheter and a 
Terumo wire (Terumo, Eschborn, Germany) 
under fl uoroscopy guidance. The biopsy set is 
very similar to the TIPS set. After introducing the 
introducer sheath in the right hepatic vein, a rigid 
guiding cannula is positioned approximately 
2–3 cm from the IVC. The biopsy needle is intro-
duced. After the cannula is turned in anterior 
direction, the biopsy needle is advanced into the 
liver parenchyma, the mechanism is fi red, and 
18G biopsies are taken. The biopsies can be mon-
itored by ultrasound. 

 The success rate of this transjugular procedure 
is 98 %. Major complications are rare; minor 
complications are described in 2–5 % [ 33 ].   

  Fig. 17.10    Hepatic biopsy procedure using intercostal 
approach. Note that the intercostal artery runs just below 
the rib       
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   Pancreas 

 In childhood pancreatic tumors, the main reason for 
biopsies, are extremely rare. If present in the major-
ity of cases, the biopsy can relatively safely and 
easily be performed by gastroenterologists using 
endoscopic ultrasound-guided techniques [ 34 ]. 
Given the high overall accuracy of this  tech nique, 
percutaneous image-guided biopsies should, if 
 possible, be avoided [ 35 ]. This as the latter due to 
interposition of bowel loops carries a higher risk of 
complications.  

   Spleen 

 Historically biopsies of splenic lesions have 
been considered to be relatively complex. Due 
to the anatomical position of the spleen and its 
high vascularity, the risk of hemorrhagic com-
plications was considered to be high. However, 
with modern imaging techniques biopsy of the 
spleen can safely be performed. The aim of 
splenic biopsies will in most cases be the deter-
mination of parenchymal lesions or staging of 
malignant lymphoma [ 29 ,  36 ]. In general an 
18G tru-cut needle will be used for splenic 
biopsies. 

 Muraca et al. reviewed their experience in a 
series of 30 children aged 6 months to 15.3 years 
(mean, 7.0 years); there were focal lesions in 27 
and homogeneous splenomegaly in three patients 
[ 29 ]. In this study a diagnosis was obtained in 25 
children (83 %), a false-negative result in two 
children (7 %), and in three children (10 %) the 
biopsy was nondiagnostic. 

 Liang et al. evaluated 43 splenic biopsies for 
focal lesions ( N  = 27 [16 single, 11 multiple]) or 
diffuse splenomegaly ( N  = 15) in 42 patients. 
There was a random allocation to either an 18G 
cutting or a 21G needle biopsy. The accuracy of 
US-guided spleen biopsy in their study was 
85.7 %, and the 18G biopsies had a higher diag-
nostic accuracy ( P  < 0.05) and required fewer 
needle passes ( P  < 0.05), without a signifi cant dif-
ference in the overall complication rate [ 37 ].  

   Kidney 

 Although in daily clinical practice non- imaging- 
guided renal biopsies are still performed by 
 clinicians, we feel that this practice should be 
discontinued. Although one would expect a sig-
nifi cant difference in complication rates of blind 
versus image-guided biopsies, relatively few 
studies have been performed to demonstrate this. 
Maya et al. retrospectively analyzed 129 renal 
biopsies (65 were US guided and 64 were per-
formed by blind technique and all biopsies were 
performed in an adult population) [ 38 ]. They 
found that in US-guided biopsies signifi cantly 
more glomeruli were found and less large hema-
tomas occurred and these biopsies were in 100 % 
diagnostically adequate. 

 In children the indications for renal biopsies 
range from generalized parenchymal disease 
(e.g., glomerulonephritis or nephrotic syndrome) 
to focal lesions (e.g., renal tumors) [ 4 ,  39 ,  40 ]. 
In case of generalized parenchymal disease, in 
general, two tissue samples of adequate size will 
suffi ce. In case of a renal tumor, the number of 
samples will be higher, especially if additional 
examinations, such as genetic marker studies, are 
planned. In these cases close collaboration 
between the treating pediatric oncologist and the 
radiologist is mandatory. In case of an oncological 
biopsy, care should be taken to biopsy through 
the retroperitoneal space, in order to avoid spread 
to the peritoneal cavity in case of post-biopsy 
hemorrhage, and the procedure should be per-
formed using a coaxial technique, in order to 
decrease the risk of tumor seeding. 

 In renal biopsies care must be taken to avoid 
perforating the capsule, i.e., the core should be 
taken from the cortex only (in case of generalized 
disease) or from the tumor. This as trauma to the 
capsule will increase the risk of postprocedural 
hemorrhage. The approach should be from lat-
erodorsal, in order to stay clear of the colon, and 
the biopsy needle angle should be either very 
steep or very shallow (Fig.  17.11 ).

   In case of patients in whom percutaneous 
renal biopsy is contraindicated because of abnor-
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mal clotting, thrombocytopenia, and a single 
functioning kidney, a transjugular biopsy can 
be performed [ 41 ]. This procedure can safely be 
performed in experienced hands and in older 
children, as the available systems are not suited 
for small children, in those cases where a 
 pathological diagnosis is critical to clinical 
management. 

 The major complications from a percutane-
ous renal biopsy consist of hemorrhage and/or 
the development of an arteriovenous fi stula [ 39 , 
 42 – 44 ]. Minor hematuria after renal biopsies is 
a common fi nding in up to 7 % of patients and 
this requires no intervention [ 43 ,  44 ]. It is 
sometimes advocated to perform a post-biopsy 
ultrasound 1 h after the biopsy; however, litera-
ture shows that the absence of a perinephric 
hematoma after a biopsy is indicative of an 
uncomplicated procedure; in contrast the pres-
ence of a perinephric hematoma is not predictive 
for a clinical relevant hematoma [ 45 ,  46 ]. In 
case of a major perinephric hematoma or the 
deve lopment of a signifi cant arteriovenous fi s-
tula, radiological intervention may be warranted 
[ 42 ,  47 ,  48 ]. 

 As renal biopsies are relatively safe proce-
dures, it can, in patients without comorbidity, be 
performed in an outpatient clinic [ 49 ].  

   Chest and Lung Biopsies 

 Indications for biopsies from the chest, mediasti-
num, and lung consist of evaluation of a solitary 
pulmonary lung lesion, evaluation of multiple 
lesions in suspected metastatic disease, and eval-
uation of focal infection and pleural and medias-
tinal masses. 

 Poor cooperation caused by uncontrollable 
cough, severe underlying lung disease, severe 
pulmonary hypertension (particularly for central 
lesions), and bleeding diathesis (platelet count 
<50,000/μL/INR > 1.5) are contraindications for 
biopsies of the chest and lung. 

 Ultrasound guidance can be used for masses 
in the chest wall, in the pleura, and in the anterior 
mediastinum and for pleural-based nodules. This 
is the authors’ preference. 

 However, most intrapulmonary and hilar 
lesions as well as mediastinal masses cannot be 
seen with US, and in those cases CT guidance is 
necessary. CT imaging can help to plan the nee-
dle course avoiding vital vascular structures, fi s-
sures, and bullae. Additional information can be 
obtained on the aspect of the mass (necrotic 
parts), therefore improving the biopsy yield. 

 For most biopsies of pleural masses and 
tumors of the chest wall, a single needle puncture 
technique can be used. For all other biopsies, a 
coaxial needle system is advised to obtain multi-
ple tissue samples, using a single pleural punc-
ture. This reduces the risk for a pneumothorax. 

 After cleansing the skin and covering the punc-
ture site with sterile drapes, the skin and subcuta-
neous tissue are injected with lidocaine. The 
guiding needle is used to check the direction of 
the puncture course. When the procedure is CT 
guided, the use of a marker grid can be very help-
ful (Fig.  17.6a ). When the needle is positioned in 
the right direction, the parietal pleura is passed and 
the needle is advanced in the direction of the target 
lesion (Fig.  17.6b ). When possible the outer nee-
dle is positioned 2–3 mm in the edge of the tumor. 
Now multiple biopsies can be obtained. Normally 
a 22G needle aspiration biopsy obtains ade-
quate tissue samples for diagnosing a malignancy 

  Fig. 17.11    In renal biopsy approach the biopsy needle 
angle should be either very steep or very shallow [ 39 ]       

 

17 Percutaneous Biopsies in Children



276

(e.g., Cook, Bloomington, IN). In a coaxial system, 
a 19G outer needle is used. It is useful to have a 
cytopathologist present on site for immediate pro-
cessing of the biopsy. It improves the biopsy yield, 
and when infection is suspected, extra material 
can be taken for further microbiological evalua-
tion. For further differentiation of the tumor, e.g., 
suspected lymphoma, histological CNB are needed. 
For this an 18G cutting needle with spring-activated 
handle is used with a 16G guiding needle. 

 A CT-guided procedure is advised for biopsies 
of mediastinal masses. A full contrast-enhanced 
scan of the chest should be made to identify the 
target lesion in relation to all the surrounding 
 vascular structures in the mediastinum (aorta, pul-
monary artery, and particularly the internal mam-
mary artery and vein). 

 If the procedure is CT guided, a single slice 
should be made at the end of the procedure at the 
level of the puncture site. If no pneumothorax is 
seen, the patient can be brought to the ward for 
observation and can be discharged after 2 h. A small, 
asymptomatic pneumothorax does not require any 
treatment, and the patient can be  discharged after 
4 h if free of symptoms. Symptomatic pneumotho-
races (dyspnea, chest pain, size more than 30 % or 
increasing over time) must be treated. A pleural 
drainage with a 6–10 Fr pleural drain is performed, 
and the air is aspirated using a three-way stopcock. 
The patient must be admitted for further evalua tion. 
If there is no air leakage several hours after the 
 initial drainage, the drain can be removed and the 
patient can be discharged [ 50 ]. 

 A pneumothorax is a quite common complica-
tion (5–60 %); risk factors are large needle size, 
traversing multiple pleural surfaces/fi ssures, mul-
tiple biopsies, and underlying lung disease [ 51 ]. 

 Hemorrhage and hemoptysis are rare and 
mostly self-limiting. If the hemoptysis is moderate, 
the patient is turned on his lateral side in decubitus 
position, with the punctured lung downwards to 
prevent blood getting in to the contralateral lung.  

   Musculoskeletal 

 Where bone and soft tissue biopsies in adults 
usually can be performed under local anesthesia, 
pediatric bone biopsies should always be per-
formed under general anesthesia. 

 In preparation of the biopsy, it is very important 
that all available previous imaging is carefully 
studied to help and plan the biopsy and to prevent 
unnecessary biopsies because of obvious benign 
lesions. The risk of complications should be 
weighed against the added value of the biopsy. 

    The most important indications for biopsies 
include establishing whether musculoskeletal 
lesions are benign or malignant (e.g., primary 
bone tumor, metastatic disease), determining the 
nature and extent of systemic disease (e.g., con-
nective tissue disease), determining the nature of 
soft tissue masses, and microbiological analysis 
in patients with suspected infection. 

 Percutaneous bone biopsy should be discour-
aged when the location of the lesion is inaccessi-
ble (e.g., odontoid bone, anterior arch of C1), 
when there’s the risk of soft tissue infection and 
bone contamination, or when there’s a known 
coagulopathy. 

 Most bone biopsies are performed under CT 
guidance, sometimes in combination with fl uo-
roscopy. The needle tract must be very carefully 
chosen, in collaboration with the orthopedic sur-
geon, to avoid damage to soft tissue structures 
like tendons, nerves, and vascular and visceral 
structures and to ensure that the needle tract will 
be excised in future surgery. This is especially 
important when limb-sparing surgery is consid-
ered [ 52 ]. Biopsies of the long bones could be 
best taken orthogonal to the cortex to avoid 
defl ection of the needle and damaging soft tissue 
structures. 

 Biopsies of the vertebrae can be best taken by 
a transpedicular route or an intercostovertebral 
route, depending on the level, avoiding damage 
to segmental nerve branches. In pelvic biopsies, 
one should be careful in the sacral area, avoiding 
damage to the lumbosacral or femoral nerve 
plexus. 

 Soft tissue biopsies can be taken with 14–18G 
tru-cut biopsy needles. For bone biopsies, the 
authors usually use a 14G trephine needle or 
a14G Bonopty coaxial screw needle. Reported 
accuracy of musculoskeletal biopsy under image 
guiding is in the range of 94 % [ 53 ]. Reported 
complications varied from 0.2 to 1 % and include 
pain, hematoma, bone fracture, and infection 
[ 54 ]. Site-specifi c complications like pneumotho-
rax and vascular and spinal cord injury are rare.  
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   Miscellaneous 

   Lymph Nodes 
 Lymphadenopathy is quite common in children 
and in most cases the nodes are reactive. However, 
there are cases in which a diagnosis is deemed 
necessary, e.g., in case of staging oncology. In 
these cases FNA can be used as a fi rst diagnostic 
modality. In the case of palpable lymph nodes, 
US guidance for FNA is not necessary.  

   Head and Neck 
 In pediatrics, (non-)palpable lesions in the region 
of the head and neck include a wide differential 
diagnosis including infl ammatory lesions and 
both benign and malignant neoplasm (in contrast 
to adults, both malignant and benign epithelial 
neoplasms are rare in children). In these cases 
image-guided FNA plays an important role. It has 
been shown that FNA has a high sensitivity and 
specifi city, with an almost negligible risk for the 
patient [ 55 ]. In adults the successful use of CNB 
in these patients has also been described [ 56 ]. 
And although this technique can safely be used in 
children, we feel that if a cytopathologist is avail-
able, FNA is the preferred technique in children.    

   Postprocedural Care 

   Complications 

 Complications from image-guided percutaneous 
biopsies can broadly be divided into two catego-
ries: generic and organ specifi c [ 1 ]. Generic com-
plications are defi ned as complications common 
to all biopsies and include bleeding, infection, 
and unintended organ injury. 

 Organ-specifi c complications are defi ned as 
complications that are only associated or most 
commonly associated with biopsy of a specifi c 
organ. An example of an organ-specifi c compli-
cation is a pneumothorax after a lung biopsy; this 
is clearly related to the biopsied organ, but it can 
inadvertently also occur after other biopsies, e.g., 
a biopsy of the breast [ 57 ]. 

 Complications, if they occur, should be 
coded according to the Society of Interventional 
Radiology Standards of Practice Committee 
(Table  17.1 ). A radiologist involved in pediatric 

biopsies should, in our opinion, also be able to 
treat the complications following this procedure. 
This implies that he/she should be able to  perform 
transcatheter arterial embolization, a technique 
which has been proven to be highly successful 
[ 48 ,  58 ].

      Biopsy Material 

 Histological core biopsies, whatever size, can 
be placed on a Petri disk with a blotter, wetted 
with saline or cell culture medium. Whenever the 
biopsies are not directly processed the same day 
by the pathologist, it could be kept in a small con-
tainer with formaldehyde. 

 FNAB must be spread on a glass slide and 
dried. Ideally there is a cytologic technician 
available directly in the puncture suite, in order to 
process the material directly and can give feed-
back on the quality of the material and if more 
biopsies are needed for diagnosis. 

 Although slightly superfl uous, it is of utmost 
important that labeling of the biopsy specimen is 
done with care.   

   Follow-Up 

 In case of FNA there is no need for follow-up. 
For CNB it strongly depends on the anatomical 
location and the related risk where the biopsy 
was performed; in case of a possible post- biopsy 
hemorrhage, clinical observation is advised. In 
all other cases the patient would be allowed to 
return home after sedation has fully worn off and 
the anesthesiologist deems it safe to leave the 
hospital.  

   Table 17.1    Classifi cation of complications by outcome [ 61 ]   

 Minor complications 
 A.  No therapy, no consequence 
 B.  Nominal therapy, no consequence; includes 

overnight admission for observation only 
 Major complications 
 C.  Require therapy, minor hospitalization (<48 h) 
 D.  Require major therapy, unplanned increase in level of 

care, prolonged hospitalization (>48 h) 
 E.  Permanent adverse sequelae 
 F.  Death 
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   Further Comments 

 Now that image-guided percutaneous biopsy has 
established itself as an effective and safe technique, 
the next step should be the defi nition of quality 
guidelines. In the USA the Society of Interventional 
Radiology published quality improvement guide-
lines for adult image-guided biopsies [ 1 ]. In these 
guidelines the authors present complication thresh-
olds (Table  17.2 ). The authors state that as the 
 published complication rates are mainly assessed 
in large series (of several hundred patients), they 
choose to recommend complication-specifi c 
thresholds set at twice the published complication- 
specifi c rates. Although there is something to be 
said in favor of this viewpoint, the suggested com-
plication rate thresholds will not be acceptable for 
pediatricians and parents. In our viewpoint the 
Society for Pediatric Interventional Radiology 
should play a pivotal role in defi ning complication 
rate thresholds for pediatric percutaneous biopsies.

   Perhaps a controversial topic, one which 
might not be expected in a pediatric interventional 

 radiology book, is the question: who should 
 perform the image-guided biopsies? Based on the 
relative scarcity of radiological equipment and the 
high cost of both purchase and maintenance, this 
has historically been a fi eld of expertise dedicated 
to radiologists. For CT and MRI one might expect 
that this, in general, will remain so for the coming 
decades. However, in case of ultrasonography, the 
decreasing total cost of ownership will lead to 
more and more physicians, other than radiologists, 
that are buying their own ultrasonography sys-
tems. There are hardly any studies that deal with 
this specifi c topic. Lieu, a pathologist, published a 
study on 500 consecutive adult cases, 415 patients 
with average age of 50.5 years (range 10–89), of 
image-guided FNA and CNB in adults performed 
by a pathologist [ 59 ].    In total 395 (79 %) non- 
palpable masses were biopsied; the locations of 
these lesions were as follows: thyroid 189 (48 %), 
breast 144 (36 %), head and neck 47 (12 %), and 
15 other (not specifi ed) lesions. In this study the 
biopsy was diagnostic in, respectively, 97.4 % 
(thyroid), 100 % (breast), 98 % (head and neck), 
and 100 % in other sites. Overall the biopsy was 
diagnostic in 98.6 % of cases. One can only 
 wonder, when we will see the emergence of the 
“interventional pathologist?” 

 Finally, although less than an issue in adult 
radiology, we need to be aware of overdiagnosis. 
In 2010, Hall published a paper in  Radiology  
 entitled “Identifi cation, Biopsy, and Treatment of 
Poorly Understood Premalignant, In Situ, and 
Indolent Low-Grade Cancers: Are We Becoming 
Victims of Our Own Success?” [ 60 ]. In this paper 
the effects of increasing screening on the one hand 
(a topic which is less of a focus in pediatrics) 
and increasing imaging sensitivity on the other 
hand (defi nitely an issue in pediatrics) with regard 
to increasing numbers of percutaneous biopsies, 
often yielding no diagnosis or a benign diagnosis, 
are discussed. As we are better equipped to fi nd 
small lesions, percutaneous biopsies in adults on 
borderline, preinvasive, or low-grade cancers are 
now increasingly being performed. In pediatric 
interventional radiology we should learn from our 
adult colleagues and avoid this pitfall. 

   Table 17.2    Major complications for image-guided per-
cutaneous biopsy [ 1 ]   

 Major complications 
 Reported 
rate (%) 

 Suggested 
threshold (%) 

 Bleeding (requiring transfusion or intervention) 
 Large needle (18G or 
larger) 

 5–10  10 

 Small needle (19G or 
smaller) 

 3   6 

 Fine needle (21G or 
smaller) 

 0.1–2.0   2 

 Infection (requiring hospitalization or specifi c therapy) 
 All biopsies (sterile)  1   2 
 Peritonitis (requiring hospitalization or specifi c 
therapy) 
 Abdominal biopsies  1.5   2 
 Hemoptysis (requiring hospitalization or specifi c therapy) 
 Lung biopsies  0.5   1 
 Pneumothorax (requiring chest tube) 
 All biopsies (other 
than lung) 

 0.5   1 

 Lung biopsies  5  10 
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  Chapter Summary 

   Indications 
•   Diagnosis

 –    Benign versus malignant  
 –   Staging  
 –   Microbiology sampling  
 –   Parenchymal disease      

  Contraindications 
•   Uncorrectable bleeding diathesis  
•   Lack of safe access route  
•   Ascites  
•   Single native kidney  
•   Uncontrollable cough, severe lung disease, 

severe pulmonary hypertension   

  Equipment 
•   US, fl uoroscopy, CT, MRI  
•   Needle

 –    Fine  
 –   Screw needle  
 –   Core  
 –   Specialized—bone, transjugular     

•   Transport medium—depends on tissue being 
sampled and institutional practices
 –    Formaldehyde  
 –   Cell transport medium  
 –   Special handling requirements for meta-

bolic samples, metal determination      

  Preprocedural Work-Up 
•   Preprocedural imaging  
•   Informed consent  
•   Blood work  
•   Consider ordering blood ± having in room for 

high-risk procedures   

  Patient Preparation 
•   GA versus sedation

 –    GA with apnea may be necessary for small 
lesions     

•   IV started  
•   Positioned appropriately  
•   Prep area   

  Technique 
•   Liver

 –    CT or US  
 –   Avoid transpleural puncture  
 –   16–18G needle  
 –   Consider coaxial technique and tract 

embolization     
•   Transjugular liver

 –    When percutaneous biopsy is unsafe  
 –   TIPS or LAB set  
 –   Monitor with fl uoroscopy ± ultrasound     

•   Pancreas
 –    Endoscopic biopsy preferred     

•   Spleen
 –    18G needles     

•   Kidney
 –    Ultrasound better than blind biopsy  
 –   Two samples for renal disease, more sam-

ples for neoplastic lesion  
 –   Retroperitoneal, posterolateral approach 

(especially with neoplastic lesion)  
 –   Consider coaxial  
 –   Transjugular renal biopsy can be 

performed  
 –   Hemorrhage or AV fi stula occasionally 

need intervention     
•   Chest and lung

 –    US for anterior mediastinum and pleural- 
based nodules, CT for all others  

 –   Coaxial technique to decrease pneumotho-
rax risk  

 –   18–20G core needle, 22G aspiration 
needle  

 –   Monitor for postprocedural pneumo -
thorax  

 –   When bleeding occurs, place puncture site 
down to protect contralateral lung

 –    Consider double endotracheal intubation 
for high-risk lung biopsy        

•   Musculoskeletal
 –    GA  
 –   Careful evaluation of imaging  
 –   CT ± fl uoroscopy for bone  
 –   Must assure appropriate access site if limb 

reconstruction or surgical resection 
possible      

  Postprocedural Care 
•   Monitor for complications—bleeding, infec-

tion, nontarget tissue damage         
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          Background 

 Image-guided drainage is a common procedure in 
a pediatric interventional radiology practice and 
the treatment of choice for many conditions [ 1 ]. 
As in adult practice, both primary and postopera-
tive fl uid collections have been successfully 
treated by image-guided techniques resulting in 
improved patient care [ 1 – 17 ]. Drainage can be 
performed in almost any organ system. While the 
techniques in children are similar to those in 
adults, there are several important differences. The 
etiologies of abscesses and fl uid collections may 
be different [ 1 ,  3 – 5 ,  7 – 11 ]. Radiation protection is 
paramount in the pediatric population requiring 
alteration of both imaging and technique [ 18 – 20 ]. 
Children have different sedation and anesthetic 
requirements [ 21 ,  22 ]. In addition, children may 
be much smaller than adults. This has both advan-
tages and disadvantages and may require/allow for 
alteration of the procedural techniques. 

 In children, the most common cause of abdom-
inal abscesses is appendicitis [ 1 – 3 ,  23 – 27 ]. 
Abscesses may be identifi ed at presentation or 
after surgery. Abscesses from appendicitis are 
more common in children as the diagnosis may be 

harder to make leading to delayed surgery and an 
increased risk of perforation (Figs.  18.1  and  18.2 ) 
[ 25 ,  26 ,  28 – 30 ]. Other common fl uid  collection 
etiologies in the abdomen include cerebrospinal 
fl uid pseudocyst, posttraumatic collections, pan-
creatic fl uid collections, acalculous cholecystitis, 
ovarian cysts in neonates, and abscesses due to 
Crohn’s disease or necrotizing enterocolitis 
(Figs.  18.3 ,  18.4 ,  18.5 , and  18.6 ) [ 4 – 6 ,  31 ].

        Etiologies outside of the abdomen include 
pleural and pulmonary collections, joint effu-
sions (septic or sterile), soft tissue infections 
from cellulitis, osteomyelitis, suppurative adeni-
tis, para-tonsillar and other neck abscesses, and 
congenital lesions such as lymphatic malforma-
tions, thyroglossal duct cysts, and branchial cleft 
cysts (Figs.  18.7  and  18.8 ) [ 7 – 10 ].

       Indications/Contraindications 

 Drainage of any of these collections should only 
be performed when [ 32 ]:
    1.    There is a suspicion of infection.   
   2.    There is a need for fl uid characterization.   
   3.    The collection is causing symptoms suffi cient 

to warrant drainage.    
  Contraindications are all relative. Any coagu-

lopathies should be evaluated and corrected if 
possible. If safe access is not possible due to vital 
organs such as bowel surrounding the abscess, 
surgical treatment may be preferable if the 
approach cannot be altered to avoid these 
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structures. As with all procedures, the benefi ts of 
drainage should be weighed with regard to the 
patient’s overall clinical status.  

   Preprocedure Evaluation 

    It is important that the interventional radiologist 
be involved in defi ning the protocols used in 
imaging patients that might benefi t from image- 
guided treatment. It is important that these imag-
ing studies be tailored to the patients’ symptoms, 
possible diagnoses, and potential treatment 
options including the best access approach. If a 
CT scan is the study of choice, it should be done 

with the lowest radiation dose possible and be 
 performed to answer all of the necessary ques-
tions listed above. CT may be the fastest, the least 
operator dependent, and the easiest choice; how-
ever, there is a signifi cant radiation dose and risk 
[ 18 – 20 ]. For abdominal pain greater than 48 h, a 
CT with intravenous and enteric (oral and/or 
 rectal) contrast best identifi es all abscesses and 
possible interposed bowel. Ultrasound eliminates 
radiation-associated risk, but is a time-intensive 
procedure, may be limited to the available win-
dow that is hampered by bone or gas, and can be 
diffi cult to learn. Ultrasound may be adequate for 
superfi cial lesions or in neonates, and MRI is use-
ful in bone or some soft tissue abscesses [ 11 ,  33 ]. 

  Fig. 18.1    A CT scan shows a right lower quadrant abscess in this patient with perforated appendicitis ( a ). Using ultra-
sound guidance, this abscess was accessed and drained ( b )       

  Fig. 18.2    Persistent fever after appendectomy. A large right lower quadrant abscess is identifi ed with CT ( a ), with 
subsequent ultrasound-guided drainage ( b )       
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  Fig. 18.3    This child had medication-induced pancreatitis 
and persistent fevers. The CT scan shows a pseudocyst 
 arising from the pancreas ( a ). Utilizing ultrasound guidance 

( b ), the pseudocyst was accessed and a drain placed with 
fl uoroscopic guidance ( c )       

 Routine coagulation parameters are not typically 
checked unless there is a suspicion of coagulopathy. 
General guidelines are that elective procedures can 
be performed safely with a platelet count of >50,000 
platelets/μL, PT < 18, PTT < 32, and an INR < 1.5. 

 Many patients are on antibiotics prior to the 
drainage procedure due to concerns of infection. 
If not, prophylactic antibiotics may be indicated 
as manipulation of an infected collection may 
precipitate sepsis.  

   Equipment 

 The vast majority of collections can be drained 
with ultrasound guidance, which has several 
advantages. This avoids radiation exposure to the 
patient, and real-time imaging allows for multiple 

approaches and increases safety. However, proper 
ultrasound equipment is needed. Patients can 
vary in size from less than 1 kg to greater than 
200 kg. Therefore, multiple different transducers 
(including endocavitary probes) must be avail-
able ranging from 3 to 10 MHz or greater MHz, 
and the interventionalist should be familiar with 
and able to use all of them. 

 CT guidance may be indicated if the collec-
tion is inadequately visualized with ultrasound; 
however, it is rarely needed (Fig.  18.9a, b ). If CT 
is used, the exposure should be limited, and CT 
fl uoroscopy techniques minimized [ 18 ].

   Fluoroscopy may be useful during wire place-
ment, tract dilation, and catheter deployment; 
however, many pediatric interventional radiolo-
gists substitute ultrasound guidance during these 
steps to eliminate unnecessary radiation. 
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  Fig. 18.4    This patient had sepsis after trauma. The CT 
scan shows an enlarged gallbladder with a thickened wall 
( a ). This appearance of acalculous cholecystitis is con-

fi rmed with ultrasound ( b ). Ultrasound guidance was used 
to place a drain ( c )       

  Fig. 18.5    This neonate has a large ovarian cyst due to 
prior transplacental maternal hormones ( a ). While these 
typically resolve over time, when they are over 4–6 cm in 

size, there is a risk of torsion. Ultrasound is used to drain 
the cyst completely ( b )       
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  Fig. 18.6    Ultrasound is used to aspirate this abscess 
from necrotizing enterocolitis. The procedure was per-
formed portably in the neonatal intensive care unit       

  Fig. 18.7    Joint effusion is identifi ed in the hip. 
Ultrasound is used to guide aspiration to evaluate for a 
septic joint       

 Most collections are accessible with standard 
needle and wire techniques. Both standard and 
micropuncture needles should be available. 
Standard drainage catheters (8–14 Fr) are typi-
cally placed, but smaller catheters (5 or 6 Fr) can 
be used for small collections. The size of the 

catheter is estimated by the expected fl uid 
 characterization and by any fl uid aspirated during 
the initial puncture. Catheters also come with dif-
ferent loop diameters, and the appropriate choice 
must be made based on the size of the 
collection.  

   Procedure Technique 

 Most children will not be able to cooperate with 
the procedure without sort form of sedation or 
anesthesia to ensure a successful and safe out-
come. Sedation or anesthesia is often the most 
diffi cult and dangerous portion of the procedure 
[ 21 ,  22 ]. Although select situations and patients 
may require only local anesthetic administration, 
most will likely require a higher level of sedation 
than in adults, and possibly general anesthesia 
with intubation. The interventionalist must help 
plan for this and decide what level of support the 
patient needs, given patient age and pain toler-
ance, diffi culty of the procedure, and expected 
level of pain from the procedure. The interven-
tional radiologist must be trained and experi-
enced with multiple medications including 
dosages and antagonists, as well as life support 
and resuscitation methods. Topical anesthetic 
creams are useful adjuncts for patients undergo-
ing conscious sedation to lessen the painful sen-
sation caused by local anesthetic infi ltration (see 
Chaps.   2     and   3     for more information). 

 The choice of which type of imaging is used 
for guidance is based on which modality pro-
vides for the safest procedure with the highest 
likelihood of success. Ultrasound guidance is by 
far the most common in children. The smaller 
body habitus in most children allows for better 
visualization during imaging guidance. The mul-
tiplanar capability of freehand imaging allows 
for many choices of access site and trajectory. As 
discussed previously, ultrasound eliminates the 
radiation risk. However, ultrasound may not be 
the optimal imaging modality in certain circum-
stances. Interposed air or bone may preclude 
visualization of the fl uid collection, requiring 
alternative guidance. In obese patients, ultra-
sound may not provide adequate visualization. 
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  Fig. 18.8    This patient has an infected esophageal duplication cyst seen on CT ( a ). A micropuncture type set is used to 
access the cyst with ultrasound guidance ( b ). After drain placement ( c ), the patient had sclerotherapy on this cyst       

  Fig. 18.9    This patient has a deep abdominal abscess surrounded anteriorly by bowel ( a ). Ultrasound was not adequate 
to visualize the abscess due to the bowel gas. CT guidance was used to place the drain ( b )       
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In addition, certain techniques and situations may 
be better performed with alternative guidance. 
Transgluteal drainage can be performed with 
ultrasound, but may be easier with CT 
(Fig.  18.10a–c ) [ 17 ]. CT-guided drainage of 
pneumothoraces or pneumatoceles in the lung 
may be better with CT or fl uoroscopic guidance.

   Prior to the procedure, ultrasound scanning 
should be performed by the interventional radi-
ologist. This will help determine the appropriate 
transducer to use, the best window, and allow for 
optimization of gain, depth, fi eld of view, and 
focal zone. 

 For most drainage procedures, a standard per-
cutaneous approach with the Seldinger technique 
is used. Micropuncture sets allow puncture with a 
21- or 22-gauge needle. Typically a 0.018-in. 

wire is advanced over which an introducer is 
placed. The introducer allows advancement of a 
0.035-in. wire. This wire can be used for tract 
dilation and catheter guidance. This may be 
important in areas with a small window of access. 
Alternatively, a larger needle that accepts a 
0.035-in. wire can be used primarily. Specialized 
or altered techniques in children are utilized 
when imaging demonstrates a potential compli-
cation such as interposed organs, bowel, or blood 
vessels or when another approach is easier to per-
form such as in deep pelvic abscesses or small 
collections such as some congenital malforma-
tions [ 10 ,  12 – 14 ,  34 ]. 

 For deep pelvic abscesses, transgluteal and tran-
srectal approaches are both possible in children, 
but the transgluteal approach may have a higher 

  Fig. 18.10    Pelvic abscess in a pediatric patient after bariatric surgery. The initial CT shows the pelvic abscess ( a ). 
CT guidance was used to place the transgluteal drain ( b  and  c )       
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risk of hemorrhage or pain [ 12 – 14 ,  16 ,  17 ,  34 ]. 
The ability to advance a transrectal transducer 
depends on the size of the patient and the trans-
ducer. Teenagers can usually be treated with tran-
srectal guidance, while younger children might 
need transabdominal guidance. General anesthesia 
is recommended for transrectal drainage [ 35 ]. 

 With transabdominal guidance, the transducer 
is typically placed in a sagittal orientation over 
the lower midline abdomen (Fig.  18.11a–c ). 
Filling the bladder with saline via a catheter may 
provide a better window for visualization. Several 
techniques have been described to safely advanc-
ing a needle and subsequently a drain into the 
abscess without injuring the rectal mucosa [ 12 – 14 ]. 
The stylet from the drain may be removed, and 
the blunt catheter tip advanced into the rectum 

with a trocar technique employed. Alternatively, 
a type of tube may be fi rst placed with ultrasound 
guidance into the rectum. Enema tips, the stiff-
ener from the abscess drain, and the plastic tubes 
that come from the manufacturer to protect the 
needles in the package can be used. When 
the introducer abuts the abscess, the needle is 
placed through the channel and then advanced 
into the abscess. Once the needle is in the abscess, 
the catheter is placed in standard fashion. The 
entire procedure is performed with ultrasound 
guidance.

   Alternatively, depending on the patient’s size 
and the size of the endocavitary probe, transrectal 
ultrasound imaging can be performed. Utilizing a 
needle guide, access can be gain to the pelvic 
abscess via a transrectal approach and real-time 

  Fig. 18.11    There is a deep pelvic abscess in this patient 
after perforated appendicitis ( a ). Transabdominal scan-
ning demonstrates the abscess deep to the bladder ( b ). 

Utilizing this ultrasound position for guidance, a needle is 
advanced transrectally into the abscess for drainage ( c )       
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imaging (Fig.  18.12a–c ). The Seldinger tech-
nique is then used to advance a drain.

   Small collections such as congenital neck 
lesion may be diffi cult to access via standard 
techniques. As an alternative, ultrasound is used 
to advance a 14-gauge intravenous style catheter 
into the lesion. After removing the stylet, a 5-Fr 
drain can be advanced directly through the cath-
eter and into the collection. When the tip of the 
drain advances past the end of the catheter, the 

stiffener is slowly pulled back while simultane-
ously advancing the drain. The pigtail forms in 
the collection, typically guided with ultrasound. 
The 14-gauge catheter is then pulled back out of 
the collection, the drain secured with sutures or 
an adhesive device, and a sterile dressing placed. 

 Catheter securement can be achieved with 
sutures or adhesive devices depending on patient 
age and the site of drainage. Adhesive devices 
work well for abdominal drains, but small areas 

  Fig. 18.12    This patient’s CT shows a pelvic abscess 
from appendicitis ( a ). Transrectal ultrasound shows the 
abscess well and allows for image-guided access ( b ). The 

fi nal catheter placement ( c ). An additional drain had been 
placed transabdominally, and there is residual contrast in 
the colon from the patient’s CT scan       
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such as the neck may not allow adequate skin 
area to apply the device and sutures may be use-
ful. Sutures may also be useful in a patient that is 
likely to try and remove the drain. Adhesive 
devices may be applied to the leg and used to 
secure transrectal drains.  

   Postprocedure Care 

 Daily rounds are made on all drainage patients. 
There is no consensus regarding routine catheter 
fl ushing or the value of suction versus gravity 
drainage. The culture results should be noted, 
with changes in the antibiotics if appropriate. 
When drainage reduces to less than 10 mL/day 
(5 mL/day in infants), the drain may be removed 
if sepsis has resolved [ 1 ]. Follow-up imaging is 
not typically needed unless the patient remains 
febrile or signifi cant tube output continues. 
Prolonged tube drainage may indicate a fi stula 
and tube injection with fl uoroscopy should be 
performed.  

   Expected Outcomes and 
Complications 

 Percutaneous drainage is successful in 81–100 % 
of patients [ 1 – 3 ,  6 – 8 ,  12 – 17 ,  27 ,  31 ,  34 – 36 ] and 
usually completes within 3 days. Complications 
from drainage procedures are reported in up to 
11 % of patient with catheter migration being the 
most common [ 1 – 3 ,  6 – 8 ,  12 – 17 ,  27 ,  31 ,  34 – 36 ]. 
Other risks include hemorrhage, bacteremia or 
sepsis, and injury to the bowel, pleura, or other 
organs, all of which occur in less than 5 % of 
patients [ 1 – 3 ,  6 – 8 ,  12 – 17 ,  27 ,  31 ,  34 – 36 ]. 

 Vascular injury can occur with any needle 
puncture. With appendiceal abscesses, the infe-
rior epigastric artery may be interposed. The 
interventionalist should routinely try to identify 
its position prior to puncture. In addition, bleed-
ing has been described as more common in 
adult patients with a transgluteal approach [ 16 , 
 31 ,  36 ]. While not described in children, the 
interventionalist also needs to be aware of this 
potential risk. 

  Chapter Summary 

    Background  
•   Common procedure.  
•   Technique similar to adults.  
•   Etiology.

 –    Abdominal.
   ∘ Appendicitis.  
  ∘ CSF pseudocyst.  
  ∘ Trauma.  
  ∘ Pancreatic fl uid.  
  ∘ Acalculous cholecystitis.  
  ∘ Ovarian cyst.  
  ∘ Crohn’s.  
  ∘ Necrotizing enterocolitis.     

 –   Pleural.
   ∘ Pneumonia.     

 –   MSK.
   ∘ Joint effusion (sterile, septic).  
  ∘ Soft tissue—cellulitis.  
  ∘ Osteomyelitis.     

 –   Neck.
   ∘ Suppurative adenitis.  
  ∘ Para-tonsillar abscess.     

 –   Congenital.
   ∘ Thyroglossal duct.  
  ∘ Branchial cleft.  
  ∘ Lymphatic malformations.         

   Indications  
•   Suspicion of infection  
•   Fluid characterization  
•   Symptomatic collection   

   Contraindications  
•   Coagulopathy  
•   Lack of safe access route   

   Preprocedure Evaluation  
•   Review imaging  
•   CBC, PTT, and INR if there is a suspicion of 

coagulopathy  
•   Consider prophylactic antibiotics   

   Equipment  
•   Ultrasound, fl uoroscopy, CT  
•   Drainage catheters
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 –    5–14 Fr  
 –   Varying loop diameters      

   Technique  
•   Sedation or GA in most  
•   Appropriate positioning  
•   Standard Seldinger or micropuncture technique  
•   Ultrasound adequate for most procedures

 –    Monitor placement with fl uoroscopy or 
ultrasound     

•   CT or fl uoroscopy often helpful for pneumo-
thorax, pneumatocele, and lung abscess  

•   Transrectal or transgluteal approach for deep 
pelvic abscesses  

•   Catheter securement important especially in 
small children  

•   Tips
 –    5-French catheters can be inserted directly 

through a 14-gauge intravenous cannula 
when access is diffi cult  

 –   Transrectal or transabdominal ultrasound 
used for transrectal drainage      

   Postprocedure Care  
•   Daily rounds (until tube out)  
•   Remove when drainage <10 mL/day (5 mL/

day in infants) and sepsis resolved  
•   Consider repeat imaging for ongoing fever or 

drainage issues  
•   Prolonged drainage (especially feculent in 

appearance) may indicate fi stula
 –    Perform tube injection with fl uoroscopy      

   Outcomes  
•   Successful in 80–100 %  
•   Complications

 –    Catheter migration  
 –   Hemorrhage  
 –   Bacteremia, sepsis  
 –   Injury to nearby organs  
 –   Vascular injury            
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          Introduction 

 Childhood empyema is an uncommon but serious 
complication of pneumonia occurring in one in 
150 children hospitalized with pneumonia, 
affecting 3.3 per 100,000 children [ 1 ]. Recent 
epidemiological data demonstrates an increased 
incidence of pneumonia in Europe and North 
America [ 2 ,  3 ]. The principal aims of empyema 
treatment are control of sepsis and restoration of 
normal pulmonary function to prevent lung trap-
ping by fi brous pleural peel [ 4 – 6 ]. The optimal 
treatment for childhood empyema remains a 
challenge as there are few well-powered random-
ized controlled trials comparing the variety of 
treatment options. Current therapeutic options 
include systemic intravenous antibiotics alone or 
in combination with thoracocentesis, chest drain 
insertion with or without instillation of fi brinolyt-
ics, and surgical treatments such as video-assisted 
thoracoscopic surgery (VATS) and thoracotomy. 
On the basis of the best available level one evi-
dence, management of childhood empyema by 

interventional radiology (IR) techniques uses less 
invasive therapies, results in similar lengths of 
stay, and has similar success and complication 
rates when compared to surgical treatments 
such as VATS and thoracotomy [ 7 ,  8 ]. Treatment 
approaches adopted in individual hospital centers 
may vary depending on the level of interventional 
radiology and surgical coverage. Appropriate 
treatment algorithms should be developed in each 
pediatric unit to expedite patient care utilizing 
less invasive interventional radiology techniques 
fi rst and referring to surgery where the child does 
not improve with initial nonoperative measures. 
This approach will result in most children being 
managed by image-guided therapies and treat-
ment failures being referred early for surgical 
management.  

   Indications/Contraindications 

   Indications 

 As a general rule, collections resulting in severe 
respiratory compromise which are large and/or 
increasing in size should be drained. The 2005 
British Thoracic Society (BTS) guidelines advise 
drainage of effusions that are enlarging or com-
promising respiratory function [ 4 ]. The guide-
lines detail a clinical severity assessment based 
on bedside parameters such as temperature, 
respiratory rate, intercostal recession, and ability 
to feed (Table  19.1 ).
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      Contraindications 

 There are no absolute contraindications for per-
cutaneous small-bore pigtail drain insertion. 
While coagulopathy and thrombocytopenia are 
important clinical concerns, they are uncommon 
and most children can be adequately improved by 
transfusion of appropriate blood products so that 
a relatively low-risk procedure such as image- 
guided small-bore catheter placement is safe and 
feasible. 

 The presence of a hydropneumothorax on the 
preprocedural imaging should raise the possibil-
ity of underlying parenchymal necrosis or abscess 
formation and a greater risk for protracted chest 
drainage due to the presence of a bronchopleural 
fi stula. While these fi ndings are not a contraindi-
cation to drain insertion, the requirement for 
 protracted chest drainage in these clinical cir-
cumstances needs to be clearly discussed with 
the referring service and the child’s parents prior 
to embarking on the procedure.   

   Preprocedural Workup 

   Laboratory Workup 

 Children presenting with symptoms severe 
enough to warrant referral to a pediatric interven-
tional radiology service will usually already have 
undergone prior laboratory investigations. In 
most cases, a complete blood count, differential, 
and routine blood biochemistry should be avail-
able. Almost all cases show a leukocytosis as the 
principal abnormal fi nding. Thrombocytopenia 
and coagulopathy are uncommon in this patient 
population. Most practitioners would not advo-
cate that a coagulation profi le be performed rou-

tinely on all children, as the diagnostic yield in 
otherwise healthy children who are not on antico-
agulation therapy is extremely limited and poorly 
cost effi cient.  

   Imaging Workup 

 There is limited published evidence regarding the 
appropriate imaging pathway to choose in inves-
tigation of pediatric empyema [ 9 ]. A frontal chest 
radiograph is the optimal initial imaging test 
(Fig.  19.1 ). There is no role for a routine lateral 
chest radiograph. While the radiology literature 

    Table 19.1    Clinical severity assessment from 2005 British Thoracic Society (BTS) guidelines   

 Clinical severity assessment  Mild  Severe 

 Infants  Temperature <38.5 °C, respiratory 
rate <50 per min, mild recession, 
taking full feeds 

 Temperature >38.5 °C, respiratory rate 
>70 per min, moderate/severe recession, 
unable to feed 

 Older children  Temperature <38.5 °C, respiratory 
rate <50 per min, mild breathlessness, 
no vomiting 

 Temperature >38.5 °C, respiratory rate 
>50 per min, severe diffi culty breathing, 
nasal fl aring, cyanosis, grunting 
respiration, dehydration 

  Fig. 19.1    Frontal chest radiograph of a 22-month-old 
child with a fever and tachypnea revealing a right middle 
and lower lobe pneumonia and a lentiform extrapulmo-
nary parapneumonic effusion       
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historically describes decubitus fi lms as a useful 
test to defi ne whether a pleural collection is free 
or loculated, it involves ionizing radiation and 
requires additional radiographs in an ill and often 
uncooperative child. The most useful imaging 
investigation is chest ultrasound as it can confi rm 
the presence of pleural fl uid and assess the nature 
of the fl uid. Ultrasound also has additional bene-
fi ts in that it is easily portable, does not involve 
use of ionizing radiation, and allows a dynamic 

view of the lung and pleural space. Ultrasound 
allows visualization of the nature of the collec-
tion to see if the fl uid is anechoic, echogenic, sep-
tated, or a complex organizing pleural collection 
and to assess for the presence of a pleural peel 
(Fig.  19.2 ). The evidence regarding the ability of 
ultrasound to predict the success of pleural drain-
age is mixed, with some papers suggesting that 
the grade of the pleural collection allows predic-
tion of success of the intervention and length of 

  Fig. 19.2    A spectrum of the fi ndings seen during chest 
ultrasonography in pediatric empyema. ( a ) Sonographic 
image of an anechoic pleural collection. ( b ) Sonographic 

image of an echogenic pleural collection. ( c ) Sonographic 
image of a septate pleural collection. ( d ) Sonographic 
image of a multiseptate “honeycomb” pleural collection       
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stay [ 10 ,  11 ], while others have found no such 
link [ 12 ]. The anecdotal experience of many 
interventional radiologists suggests that as pleu-
ral collections become more septated over time, 
the probability that small-bore catheter insertion 
alone will have a low probability of treatment 
success without the addition of fi brinolytics.

    CT has a limited role in imaging children with 
empyema. While CT defi nes more parenchymal 
abnormalities than chest radiographs, this rarely 
alters management. CT is unable to predict clini-
cal outcome, may require an anesthetic, and 
requires exposure to ionizing radiation [ 12 ]. CT 
should be reserved as a problem-solving tool for 
a child who has complicated parenchymal dis-
ease and who remains febrile and unwell despite 
an adequately placed drainage catheter. CT is 
often requested by thoracic surgeons prior to 
embarking on VATS or decortication. The BTS 
guidelines acknowledge this fact although this 
approach is not supported by any systematic 
studies [ 4 ].   

   Equipment 

 A list of equipment required for the procedure is 
listed in Table  19.2 .

      Procedure Technique 

   Anesthesia 

 Children with compromised respiratory function 
due to their empyema may not be fi t for general 
anesthesia, although at most institutions, con-
trolled sedation under the supervision of anes-
thesiologist or staff appropriately trained in 
administering sedation to ill children is often 
adequate to allow drain placement.  

   Patient Positioning 

 Most pleural drainage procedures can be per-
formed with the child in a supine position. 
Occasionally, it may be necessary to position a 

child on its side or partially rolled forward to 
access a specifi c location within the pleural 
space that has been identifi ed on the preproce-
dural imaging.  

   Aseptic Preparation 

 Full aseptic procedures should be employed 
when inserting a drainage catheter into the pleu-
ral space. This includes a formal surgical scrub 
prior to gowning, gloving up for the procedure, 
and placing a sterile probe cover over the chosen 
ultrasound probe. The most common skin prepa-
ration agents used today include products con-
taining iodophors or chlorhexidine gluconate. 
There is increasing evidence that skin preparation 
with alcohol-based chlorhexidine preparations is 
associated with reduced risk of surgical or drain 
site infection [ 13 ,  14 ]. If alcohol-based skin prep-
arations are used, then appropriate time needs to 
elapse to allow the alcohol to evaporate prior to 

   Table 19.2    Equipment   

 • Sterile skin preparation and drapes 
 • Local anesthesia, syringes, and needles 
 • Sterile probe cover 
 • 8-MHz curvilinear probe (footprint fi ts in rib space 

for interventions) 
 • Access to fl uoroscopy during the procedure is helpful 

but not vital 
 • 21-gauge “micropuncture” access for children under 

10 kg (6 months) 
 • Access needle (16-gauge IV cannula, 19-G needle) 

for all other children 
 • 0.035-in. standard fl oppy guidewire for children 

under 6 months 
 • 0.035-in. stiff guidewire for older or obese children 
 • Number 11 scalpel blade 
 • Over the wire dilators sized appropriately for the 

drain to be inserted 
 • <20 kg 8.5-French pigtail-type locking catheter 
 • >20 kg 10–14-French pigtail-type locking catheter 
 • Sterile sample containers for microbiological analysis 
 • Underwater seal system and access to low-pressure 

suction 
 • Clear dressing for pigtail site (allows chest U/S 

follow-up) 
 • Tape/dressings for securing heavy underwater seal 

drainage tube 
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draping. Care needs to be taken not to allow 
excess pooling of skin preparation agents behind 
the child as this can make the child cold and may 
result in skin injury or breakdown [ 15 ].  

   Image Guidance 

 Image-guided needle placement is advocated 
even in cases where a very large pleural collec-
tion is present. A curvilinear probe is adequate to 
allow visualization for almost all chest drain 
insertions from neonates to larger teenagers as 
this probe has a small footprint to facilitate easy 
access to the puncture site. Most experienced 
interventional radiologists would advise taking a 
few moments at the beginning of the procedure 
before a child is sedated for the operator to evalu-
ate the pleural space for themselves as this may 
save the need to resite or replace a badly posi-
tioned drainage catheter later.  

   Drainage Catheter Insertion 

 The vast majority of children who require a 
drainage catheter range between 3 and 5 years of 
age. For this group, once the appropriate site has 
been chosen, an IV cannula or access needle that 
will allow insertion of a 0.035-in. wire can be 
used to access the pleural space. Infants younger 
than 10 kg or 6 months constitute a signifi cantly 
smaller group of children who require drainage, 
but their reduced size poses concerns as a large- 
bore IV cannula fi lls the rib space and may pose 
a greater risk of injury to the intercostal vessels. 
In this subgroup, some practitioners advocate use 
of a 21-gauge micropuncture type set to initially 
place a 0.018-in. wire and, through use of a coax-
ial system, upsize to a 0.035-in. guidewire. There 
is no published evidence to support either 
approach. Irrespective of the size of needle used, 
an ultrasound-guided needle puncture directed 
posteriorly and over the rib is required to avoid 
injury to the intercostal vessels. Once the 
sheathed needle has been placed within the col-
lection, the sharp inner stylet may be removed, 
and through the outer cannula, a sample may be 

obtained for microbiological analysis (Fig.  19.3 ). 
Local anesthesia should be given to the puncture 
site after a successful puncture has been per-
formed. An incision is created at the puncture site 
to facilitate dilator and drain passage through the 
skin and subcutaneous soft tissues. A 0.035-in. 
guidewire is then placed through the outer can-
nula into the pleural space. In older children a 
stiff 0.035-in. wire is often required due to the 
risk of kinking or bending the guidewire during 
tract dilatation. Children less than 10 kg or 
6 months generally require only a standard 0.035- 
in. fl oppy guidewire. Passage of the guidewire 
may be easy or more resistant depending on the 
degree of loculation. The operator should never 
advance the wire against resistance unless they 
can see where it is going using fl uoroscopy and 
are confi dent that this is safe. Manipulation of the 
wire has been advocated as a means of breaking 
up pleural loculations; however, this can lead to 
wire kinking and does not generally lead to 
increased drainage compared to the use of fi bri-
nolytics. Once there is adequate purchase of wire 
within the pleural space serial size, appropriate 
dilatation of the tract is performed with over the 
wire dilators. Finally, a pigtail-type locking 
small-bore drainage catheter may be inserted 
over the guidewire and the wire removed once 
the device is appropriately positioned, secured, 

  Fig. 19.3    Following image-guided placement of the 
sheathed needle, the sharp is removed and a sample of 
fl uid taken for microbiological analysis. A guidewire has 
been placed to allow tract dilatation       
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and attached to underwater seal drainage with 
low-pressure 10–20 cm H 2 O suction. Use of a 
large clear self-adhesive dressing over the portion 
of the catheter immediately adjacent to the entry 
site allows chest ultrasound be performed at the 
drain site which is useful for patient follow-up 
(Fig.  19.4 ).

       Choice of Drain Size 

 The prior surgical tradition was for the use of 
large-bore chest tubes. The published literature 
suggests that small-bore drainage catheters are 
successful in draining empyema in 80–94 % of 
patients [ 16 – 18 ]. The size of drain used is prob-
ably not critical for two reasons. Firstly, the vol-
ume of pleural fl uid removed is released in a 
relatively controlled fashion to prevent re- 
expansion pulmonary edema. The BTS guide-
lines suggest clamping the drain for 1 h after 
10 mL/kg of fl uid has drained [ 4 ]. Secondly, 
most institutions attach a two- or three-way tap 
to the drain to facilitate access to the drain for 
injection of fi brinolytics or to fl ush the catheter. 
This action statistically reduces the fl ow rates of 
the catheter [ 19 ]. In the clinical setting, where 
the rate of fl ow from the catheter is controlled 

by intermittently occluding it and also by 
attaching a device which reduces the rate of 
fl ow, then the size of the catheter is not a critical 
decision point. Many interventional radiologists 
use empiric protocols based on weight to 
 determine the size of catheter. Most of these pro-
tocols use smaller (8.5–10Fr) catheters for chil-
dren under 20 kg and larger catheters for 
children over 20 kg.  

   Fibrinolytic Therapy 

 Based on the available  pediatric  evidence, there 
is no evidence that VATS is more effective than 
fi brinolytic treatment and because fi brinolytic 
treatment is less invasive and less expensive, it 
should be the preferred local therapy for children 
with empyema. Fibrinolytic therapies are not 
required where the pleural collections are purely 
anechoic. A fi brinolytic agent should be consid-
ered where the collection is echogenic, mini-
mally septated, or a complex organizing 
collection [ 20 ]. In view of concerns regarding 
anaphylaxis, streptokinase is not in routine use. 
Recombinant tissue plasminogen activator 
(r-TPA) is the preferred agent in North America 
and most of Europe, while urokinase appears to 
be the preferred drug in the United Kingdom. 
Optimal dosing, regimens, and duration of ther-
apy with either agent remain controversial. r-TPA 
dose varies between institutions and can be either 
weight based (0.1 mg/kg) or empiric (2 or 4 mg). 
The TPA is administered and normal saline (10–
25 mL) is injected into the chest drain which is 
clamped for 1 h, then opened, and placed back on 
10–20 cm H 2 O suction. Most centers have a once 
a day TPA regimen, but some centers may give 
the drug up to three times daily for up to 3 days 
or until tube output is less than 50 mL per day 
prior to reassessing with ultrasound [ 20 ]. 
Urokinase is used at a dose of 40,000 units in 
40 mL of saline reduced to 10,000 units in 10 mL 
saline for children less than 1 year. The most 
common regimen is twice daily instillations into 
the pleural space for 3 days and then to reassess 
with ultrasound [ 16 ].   

  Fig. 19.4    Once the pigtail catheter has been formed, the 
catheter should immediately be secured and placed on 
underwater seal drainage       
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   Postprocedure Care 

 The child should be reviewed by the radiology ser-
vice that provided the intervention at least once 
daily for the duration that the drain remains in situ. 
Parameters such as drain output, fever, and oxygen 
requirement should be followed on daily radiology 
rounds. Simple drain care to ensure that the drain 
is not blocked and oscillates via the underwater 
seal system is mandatory on each clinical radiol-
ogy review. If the child has not improved clinically 
or has had a poorer than expected drain output at 
48–72 h, then repeat imaging should be consid-
ered. Repeat imaging should include plain chest 
radiography and chest ultrasound to assess both 
the pulmonary parenchyma and more importantly 
the pleural space. CT should be reserved as a prob-
lem-solving tool for a child who has complicated 
parenchymal disease and who remains febrile and 
unwell despite an adequately placed drainage 
catheter. Where the repeat imaging reveals an ade-
quately placed drain and a persistent collection 
and the child remains unwell, then a surgical con-
sult should be considered to see if VATS or a for-
mal thoracotomy and decortication is required.  

   Follow-Up 

 The long-term prognosis for childhood empyema 
is good [ 21 ], and children usually demonstrate a 
complete clinical recovery, and their chest radio-
graphs return to normal usually within 3–6 
months [ 4 ]. Unless there is an underlying back-
ground lung disorder such as cystic fi brosis, no 
specifi c long-term follow-up is necessary.  

   Conclusion 

 Most children who contract a complicated parap-
neumonic effusion or empyema have an excellent 
outcome irrespective of the intervention provided. 

Interventional radiology techniques are less 
 invasive, result in similar lengths of stay, and 
have comparable success rates and complica-
tions when compared to surgical approaches 
such as VATS or thoracotomy. The treatment 
approaches adopted in individual hospital 
 centers may vary depending on the level of 
interventional radiology and  surgical cover. 
Appropriate treatment algorithms should be 
developed in each pediatric unit to expedite 
patient care utilizing less invasive interventional 
radiology techniques fi rst and referring to sur-
gery if the child does not improve with  initial 
nonoperative measures. Using this approach, the 
majority of children can be treated using less 
 invasive image-guided therapies, and treatment 
failures can be referred promptly to the surgical 
services for second-line therapy. 

  Chapter Summary 

    Indications  
•   Respiratory compromise  
•   Increasing size of collection   

   Contraindications  
•   Uncorrectable coagulopathy   

   Preprocedure Workup  
•   CBC  
•   Coagulation workup not usually warranted  
•   CXR ± ultrasound   

   Equipment  
•   See Table  19.1 —page X   

   Postprocedure Care  
•   Daily evaluation

 –    Output  
 –   Patency      

   Follow-Up  
•   None specifi c         
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          Introduction 

 Gastrointestinal (GI) interventions comprise a 
large component of nonvascular interventions in 
children. This chapter includes the most common 
pediatric GI interventions: balloon dilatation and 
enterostomy access.  

   Esophageal Dilatation 

 In the pediatric population, esophageal stenosis is 
almost always benign in etiology. The origin can 
be congenital, due to an esophageal web, for 
example, or secondary to external causes as seen 
following caustic ingestion. 

   Indications/Contraindications 

 The most frequent indication for radiologic inter-
vention in the pediatric esophagus is postsurgical 

stenosis following repair of tracheoesophageal fi s-
tulae [ 1 – 3 ]. The patient usually develops diffi culty 
swallowing that is detected by the surgeon or 
pediatrician. Dilation of a stricture in the early 
postoperative phase can damage or rupture an 
anastomosis, so it is important for the interven-
tional radiologist and surgeon to discuss each 
patient on a case-by-case basis. Intervention four to 
six weeks after surgery is usually considered safe.  

   Preprocedure Workup 

 At the time of initial referral, an upper GI study 
will help plan the procedure by identifying the 
level of stenosis and the degree of obstruction 
(Fig.  20.1 ). Determination of coagulation factors 
and prophylactic antibiotic administration is usu-
ally not necessary.

      Technique 

 Esophageal dilatation can be performed on an 
outpatient basis. Patients are admitted the same 
day and kept NPO according to the anesthetic 
guidelines of the institution. The patient is 
 anesthetized and placed in the supine position. 
The placement of an endotracheal tube helps 
avoid aspiration of contrast during the procedure. 
Intubation is particularly important when treating 
a stenosis in the cervical or upper thoracic esoph-
agus. A 0.035″ fl oppy-tip guidewire is inserted 
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through the mouth or nostril into the upper 
esophagus. The guidewire is manipulated into the 
distal esophagus with a guiding catheter (4 or 
5 Fr JB1, Bernstein, etc.). A pullback esophago-
gram is performed through the guiding catheter 
to defi ne the level of stenosis (Fig.  20.2 ) and esti-
mate the diameter of the stenosis and esophagus. 
If there has been great diffi culty advancing the 
wire through the area of stenosis, this step can be 
avoided as a pullback esophagogram may result 
in loss of access. After readvancing the guidewire 
into the stomach and removing the guiding cath-
eter, an angioplasty balloon is advanced to the 
area of concern. The balloon is dilated using 
hand pressure or an infl ating device (Fig.  20.3 ). 
The degree of dilatation and balloon size is deter-
mined at the discretion of the radiologist. A 3 or 
4 mm balloon may be used for initial dilation of 
an extremely tight stenosis to decrease the likeli-
hood of esophageal rupture. Often a 5 or 6 mm is 
used for the fi rst intervention in the average anas-

  Fig. 20.1    Upper GI study. Stenosis of the upper thoracic 
esophagus is demonstrated with water-soluble contrast       

  Fig. 20.2    Localization of stenosis. Contrast is injected 
through a catheter to demonstrate the level of the stenosis       

  Fig. 20.3    Esophageal dilatation. ( a ) The stenosis is 
dilated with a balloon. ( b ) Contrast check following dila-
tation demonstrates a residual stenosis but no extravasa-
tion. Note the refl ux of contrast into the hypopharynx       
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tomotic stenosis; sequential dilatation with larger 
balloons, up to the diameter of the esophagus, 
can be performed during subsequent procedures. 
The balloon is infl ated until the waist is effaced, 
and the balloon can be increased in size as many 
times as needed. An esophagogram should be 
performed after the dilatation. Mucosal tears and 
esophageal perforation are known complications 
of this procedure (Fig.  20.4 ).

     Patients with esophageal stenosis secondary 
to epidermolysis bullosa (EB) require extremely 
careful dilatation. Extensive use of lubricant on 
the balloon and catheter/guidewire should be 
ensured to decrease the risk of esophageal blis-
ters in this group of patients [ 1 ,  4 ]. In addition, 
care must be taken so that the balloon does not 
move or slide during dilatation in order to 
decrease shear stress on the tissues. 

 Retrograde access can be considered in 
patients with both a signifi cant esophageal steno-
sis and a gastrostomy tube. Catheterization 

through the stomach can be used to negotiate 
through the stenosis in a retrograde manner as the 
distal esophagus tends to be normal in caliber [ 5 ]. 

 Mitomycin C has been utilized as an agent to 
prevent restenosis in patients with resistant ste-
noses. This chemotherapy medication is applied 
in the area of stenosis during the dilatation. 
While preliminary experience shows promise, 
more studies are needed to evaluate this 
approach [ 5 ,  6 ]. Likewise, the use of bio-
absorbable [ 5 ] and removable [ 7 ,  8 ] stents has 
been described for treatment of diffi cult recur-
rent stenosis.  

   Postprocedure Care 

 After an uncomplicated procedure, the patient is 
kept NPO for 2 h followed by slow introduction 
of drinking with sips of water. If tolerated, a clear 
fl uid diet can be initiated and the patient is then 
advanced to a soft food diet the next day. If no 
complications are identifi ed, the patient is dis-
charged home six hours after the procedure. 
Patients with epidermolysis bullosa or those who 
underwent diffi cult dilatation may require a lon-
ger NPO period, slower introduction of food, and 
possibly overnight admission. 

 In cases of mucosal tears, the patient is 
admitted overnight, and a chest X-ray is obtained 
to exclude pneumomediastinum or pleural effu-
sion. Usually, no further intervention is required. 
Small mucosal tears can be followed clinically 
while maintaining the patient on a clear fl uid 
diet for a few days. If the esophageal injury is 
more signifi cant, an upper GI study using water-
soluble contrast is obtained in the early phase. 
The decision to advance the diet is based on the 
results of this study. If an esophageal wall perfo-
ration is noted, the patient should be kept NPO 
until documentation of closure of the defect. An 
NG tube may be used to provide feeds if conser-
vative management is undertaken. Antibiotic 
coverage should be considered in the presence 
of postoperative fever. Drainage of pleural effu-
sion or mediastinal fl uid collections may be 
required. Surgery is rarely needed.   

  Fig. 20.4    Esophageal leak. Infant several weeks post- 
TEF repair with tight esophageal anastomotic stenosis. 
Following balloon dilatation, contrast is noted leaking 
into the pleural space       
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   Dilatation of the Duodenum 
and Colon  

 Duodenal and colonic image-guided balloon dila-
tations (and stenting) have been described in the 
literature [ 9 ,  10 ]. In the pediatric population, they 
have been used to treat benign duodenal strictures 
secondary to peptic ulcer disease or congenital 
webs and to manage colonic strictures due to nec-
rotizing enterocolitis [ 11 ] or postsurgical changes. 
The decision to perform an image- guided dilata-
tion should be undertaken on a case-by-case basis 
and with involvement of all teams taking care of 
the patient. The technique is essentially the same 
as the one described for an esophageal dilatation; 
however depending in the location of the stenosis, 
it can be diffi cult to advance a guidewire for ana-
tomic and technical reasons. Endoscopy can be of 
great help in some diffi cult anatomic situations. 
Limited information is available about outcomes 
in these patients; however, the technique seems 
promising (Fig.  20.5 ).

      Gap Studies 

 A gap study or gapogram is performed to esti-
mate the length of the atretic portion of the 
esophagus prior to surgery in patients with 
esophageal atresia. The gap can be estimated 
using CT [ 12 – 14 ] or fl uoroscopy. A gapogram 
can be performed without tension, relying on 
refl ux to outline the lower esophageal pouch or 
with tension using instrumentation to assess the 
gap when under tension [ 15 ]. 

 To perform a gapogram using instrumenta-
tion, the presence of a gastrostomy is necessary 
to obtain access into the lower portion of the 
esophagus. A guiding catheter along with a 
guidewire is inserted per mouth or nose and it is 
manipulated into the deepest portion of the upper 
esophagus. The same process is performed 
through the gastrostomy into the lower portion of 
the esophagus. The gap between both catheters is 
measured using a radiopaque ruler under fl uoros-
copy (Fig.  20.6 ).

  Fig. 20.5    Duodenal dilatation. ( a ) Catheter injection delineates a stenosis involving the fi rst part of the duodenum. 
( b ) The involved area is dilated with a balloon       
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      Gastrostomy and 
Gastrojejunostomy 

 Primary insertion of gastrostomy (G) and gastro-
jejunostomy (GJ) tubes and their ongoing care 
make up a large proportion of the procedures per-
formed by the pediatric interventional radiolo-
gist. G tubes allow administration of enteral 
nutrition and drug administration directly into the 
stomach. GJ tubes allow administration of nutri-
tion into the proximal jejunum in patients at risk 
of aspiration. 

 Two major image-guided techniques exist for 
initial gastric access: retrograde and antegrade 
tube insertion. Using the retrograde technique, 
small-bore catheters (G or GJ) are inserted via 
the abdominal wall using the Seldinger tech-
nique. When the antegrade technique is used, a 
large-bore PEG (endoscopy) G tube is pulled 
from the mouth through the abdominal wall. The 
choice of technique varies by institution and/or 

patient need. There are advantages and disadvan-
tages to both techniques (Table  20.1 ).

     Indications/Contraindications 

 The main indication for placement is the inability 
to tolerate feeding by mouth or to maintain ade-
quate nutritional intake for various reasons includ-
ing acute and chronic diseases [ 3 ,  12 ]. Gastrostomy 
tubes are occasionally inserted to allow glucose 
administration in metabolic patients or drug 
administration. Emergency gastrostomy is rarely 
performed to decompress a markedly distended 
stomach in a ventilated neonate with a distal tra-
cheoesophageal fi stula (Fig.  20.7 ).

   Gastrojejunostomy tubes are an alternative for 
safe delivery of nutrition in patients with gastro-
esophageal refl ux disease who are at risk of aspi-
ration and/or have gastrointestinal dysmotility 
[ 13 ]. Percutaneous or surgical placement of jeju-
nostomy tubes is rarely required. 

 There are a few absolute contraindications 
that include uncorrectable coagulopathy and 
ascites [ 12 ]. Patients who have undergone recent 
VP shunt revision should be booked after 4 weeks 
to decrease the risk of infection [ 14 ].  

   Preprocedure Workup 

 The preprocedure evaluation is very important to 
assess the need for insertion and to involve the 
family in the use of this long-term device. In our 
institution, a pediatrician and a specialized nurse 
practitioner assess every patient. The past medi-
cal history is reviewed as well as the indications 
for the G or GJ tube insertion. The parents are 
encouraged to attend to a G tube class where the 
nurse practitioners explain the procedure of 
insertion and care of the device in a simple and 
didactic way. Consent is obtained in the interven-
tional radiology clinic. 

 If there is a signifi cant anatomic abnormality 
in the abdomen or the patient has undergone 
upper abdominal surgery, a preprocedure “map-
ping” with ultrasound and fl uoroscopy may be 
helpful to decide if the procedure is technically 
feasible. 

  Fig. 20.6    GAP study. The distance between the upper 
and lower portions of the esophagus is measured using a 
catheter placed via a gastrostomy and the “NG” tube seen 
in the upper esophageal pouch       
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  Fig. 20.7    Decompressing gastrostomy. ( a ) Massive gas-
tric distention related to ventilation in this infant with a 
distal tracheoesophageal fi stula further compromised 

respiratory status. ( b ) Complete gastric decompression 
following emergent gastrostomy tube insertion       

   Table 20.1       Comparison of antergrade and retrograde gastrostomy technique   

 Antegrade gastrostomy  Retrograde gastrostomy 

 Sedation/anesthesia  – Required  – Can be performed with local 
anesthesia only 

 – Larger caliber tube—more 
pain post insertion? 

 – Smaller caliber tube—less 
pain post insertion? 

 Esophageal 
instrumentation 

 – Placement of NG tube required 
for gastric insuffl ation 

 – Placement of NG tube required 
for gastric insuffl ation 

 – Large bumper on tube can cause 
transient tracheal compression 

 Gastric fi xation  – None required  – 1–3 retention sutures placed 
 – Usually ferromagnetic—can 

interfere with MRI 
 Sterility  Tube passes through oropharynx and 

esophagus. Higher potential for 
peritonitis/cellulitis? 

 Tube passes through prepped 
abdominal wall. Less potential 
for peritonitis/cellulitis? 

 Displacement  Large internal fi xator makes 
accidental removal diffi cult 

 Cope loop helps prevent accidental 
removal but has higher potential 
than antegrade 

 Maintenance  Less maintenance post insertion  More maintenance post insertion 
 – Larger diameter tubes are 

less likely to block 
 – Smaller diameter tubes have 

higher blocking potential 
 – Bumper decreases dislodgement 

issues but can erode through tract 
 – Mobility can result in higher 

dislodgement rates 
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 The patient is admitted the same day and kept 
NPO according to the anesthetic guidelines of the 
institution. Any anticoagulation medication is 
stopped as necessary. In patients undergoing 
active chemotherapy or who have liver dysfunc-
tion, determination of platelet levels and coagula-
tion factors should be considered. The procedure 
should be performed when optimal coagulation 
status is achieved.  

   Equipment 

 –     Fluoroscopy ± ultrasound  
 –   18G needle  
 –   Glucagon  
 –   NG tube  
 –   0.035″ Guidewire  
 –   Retention suture  
 –   Dilator  
 –   Directional catheter  
 –   G or GJ tube    

 There are a large variety of G, GJ, and com-
bined G/GJ tubes available. Choice depends on 
institutional and patient-based factors.   

   Gastrostomy (G) Tube Insertion 

 The techniques of primary gastrostomy access 
are described below. 

   Retrograde Technique 

 The retrograde technique originally described by 
Preshaw [ 16 ] is widely used. The procedure is 
performed under general anesthesia, sedation, or 
local anesthesia as required. The patient is placed 
in the supine position. A dose of prophylactic 
antibiotics is given (cefazolin 30 mg/kg). A naso-
gastric tube is inserted. The liver, splenic and 
costal margins are marked on the skin using 
sonographic guidance. A barium enema is per-
formed delineating the transverse colon (water- 
soluble contrast can also be used) (Fig.  20.8 ). 
The anterior abdomen is prepped and draped in a 
sterile fashion. Glucagon is given IV at the 

discretion of the interventional radiologist to 
improve the gastric distention (usually 0.2–
0.5 mg according to the weight) [ 12 ]. In patients 
on a ketogenic diet, glucagon cannot be adminis-
tered. The stomach is infl ated through the naso-
gastric tube. In cases of distal esophageal atresia, 
the stomach can be insuffl ated through a small- 
gauge needle introduced under ultrasound guid-
ance. A site for the puncture is chosen in the 
abdominal wall using fl uoroscopic guidance. The 
ideal position is lateral to the rectus abdominal 
muscle and a fi nger’s width below the costal mar-
gin. If it is not possible in this location, the G tube 
can be placed in the midline. If not possible in 
either location, the third option is through the 
rectus or oblique abdominal muscles according 
to the specifi c anatomic conditions. If this is the 
case, special attention should be taken to avoid 
puncturing the superior epigastric vessels. If a 
ventriculoperitoneal shunt is present, the punc-
ture should be performed as far as possible from 
it (ideally more than 5 cm). Once the site is 

  Fig. 20.8    Colon opacifi cation. A barium enema helps 
avoid inadvertent colon puncture       
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 chosen, local anesthetic is infi ltrated with a 25–27-G 
needle and a small incision is performed in the 
skin with a sterile blade. The stomach is punc-
tured with an 18-G needle, preloaded with a pedi-
atric retention suture. Access to the gastric lumen 
is achieved with fl uoroscopic guidance; however, 
in cases with diffi cult anatomy, ultrasound can be 
added to help guide the puncture. A 0.035″ guide-
wire is inserted through the needle and advanced 
into the gastric cavity deploying the retention 
suture (Cope Pediatric Gastrointestinal Suture 
Anchor Set, Cook) (Fig.  20.9 ). The tract is dilated 
up to the desired size, and the G tube is advanced 
into the gastric cavity and the guidewire is 
removed. Gentle and constant traction should be 
applied to the retention suture during the dilata-
tion and insertion process, to keep control of the 
gastric wall and prevent pneumoperitoneum or 
migration of the catheter into the peritoneal 
space. If the thread breaks, a second puncture to 
insert a new retention suture may be required; 
however, the 8–14 Fr G tube can be inserted 

through either site. If a moderate to large pneu-
moperitoneum is detected, it can be aspirated 
with a 27-G needle under fl uoroscopic guidance 
in the lateral view (Fig.  20.9 ). A small amount of 
free air in the peritoneal cavity is usually reab-
sorbed without any intervention. If the transverse 
colon or an air-fi lled bowel loop is covering the 
stomach, the intraluminal air can be aspirated 
using a 27-G needle to open a window for percu-
taneous access into the stomach (Fig.  20.10 ).

     The G tube position is checked by injecting 
contrast and obtaining fl uoroscopic views at dif-
ferent angles (Fig.  20.11 ). The retention suture is 
secured using a roll of gauze, and the site is cov-
ered with gauze and tape.

      Antegrade Technique 

 The stomach is insuffl ated through an NG tube and 
punctured with an 18-G needle. Precautions for 
needle puncture are the same as described in the 

  Fig. 20.9    Gastric access. ( a ) Contrast injection demonstrates appropriate intraluminal location following gastric punc-
ture. ( b ) A 0.035″ wire is used to displace a retention suture into the stomach ( arrow ) for retrograde tube placements       
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  Fig. 20.10    Aspiration of pneumoperitoneum. ( a ) Lateral 
view following gastrostomy insertion demonstrates penu-
moperitoneum in a child with limited respiratory reserve. 

( b ) A 27G needle is introduced into that area and ( c ) the 
air is aspirated       

  Fig. 20.11    Verifi cation of tube location. Lateral ( a ) and AP ( b ) projections demonstrate the gastrostomy tube to be 
appropriately located       

previous section. The supplied “folded” wire 
(Fig.  20.13a ) is inserted through the needle into the 
gastric lumen. A gooseneck snare is used to cap-
ture the wire and pull it out through the mouth 
(Fig.  20.12 ). The PEG-type G tube is attached to 
the wire (Fig.  20.13a, b ) and pulled via the mouth 
and esophagus through the abdominal wall. Care 
must be taken during passage of the G tube as the 

large “bumper” or internal fi xator can damage the 
teeth during passage through the mouth or com-
press the trachea resulting in temporary respiratory 
compromise. The tube is pulled until the bumper is 
in continuity with the abdominal wall and it sits 
snugly (Fig.  20.14 ). After placing an external fi x-
ator, the tube is cut to an appropriate length and a 
feeding adapter is inserted (Fig.  20.15 ).
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          Gastrojejunostomy Tube Insertion 

 For primary gastrojejunostomy, the technique 
for accessing the stomach is the same as 
described above. When using retrograde gastric 
access technique, a 4- or 5-Fr guiding catheter is 
advanced into the stomach over the guidewire 
(instead of the G tube). When antegrade tech-
nique is used, a catheter and guidewire are 
inserted through the PEG tube (Fig.  20.16 ). The 
catheter and guidewire are then used to cannu-
late the proximal jejunum, and the GJ tube is 
advanced over the wire (Fig.  20.17 ). Extra care 
should be taken with small patients to avoid 
undue stress on the tissues that can lead to duo-
denal perforation (Fig.  20.18 ). In instances 
where a NJ tube is in place, it can be removed 
over an exchange length 0.035″ guidewire, keep-
ing this wire as a guide into the small bowel, 
after gastric access is obtained.

     Some infants who require NJ tube feeding will 
tolerate feeding via a G tube as the gastroesopha-
geal junction may become competent after the NJ 
is removed. If necessary, a G tube can be con-
verted to a GJ tube at any time with no need of 
sedation [ 5 ]. 

  Fig. 20.13    Preparing the PEG tube. ( a ) The end of the 
PEG tube has a wire loop arising from the tapered, dilator 
tip. ( b ) The folded wire from the abdomen (left) and the 
PEG tube’s wire loop ( right ) are shown. ( c ) The wire and 
loop are secured together. The loop of the PEG was 
inserted through the center of the folded wire; the distal 
end of the PEG was passed through the loop and the 
resulting knot was tightened.  Courtesy of Dr. Ganesh 
Krishnamurthy        

  Fig. 20.12    Intragastric snaring. Following gastric punc-
ture, the gooseneck wire was closed around the needle 
prior to inserting the supplied folded wire. The wire will 
then be pulled out through the mouth       

  Fig. 20.14    PEG tube in place. The PEG tube has been 
pulled through the abdominal wall until the bumper was in 
apposition with the gastric wall ( arrow ). An NG tube is 
also present on this lateral image       
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  Fig. 20.15    PEG tube confi guration. ( a ) The internal fi x-
ator of the PEG tube ( white arrows ) fi ts snugly against the 
abdominal wall to avoid inadvertent removal. An external 
fi xator ( yellow arrowheads ) is attached after placement to 
avoid inward migration of the catheter. ( b ) A feeding 

adapter is fi xed to the end of the shortened PEG tube. The 
adapter forms a tight seal to seal a small air channel that 
keeps the internal fi xator turgid.  Courtesy of Dr. Ganesh 
Krishnamurthy        

  Fig. 20.16    GJ tube through PEG tube. A specialized 
adapter provides a gastric port and insertion of a gastroje-
junal tube ( yellow  with  pink cap ) through the PEG tube. 
Images provided courtesy of Dr. Ganesh Krishnamurthy       

   Postprocedure Care 

 The patient is transferred to the postanesthesia 
care unit. If glucagon was given, blood glucose 
levels are measured 1 and 4 hours after adminis-
tration. After the patient is fully awake    and pain 
is controlled, he/she is transferred to the ward. 
The NG tube is left to drainage.  Feeds are started 
in patients with antegrade tubes when bowel 
sounds return.  Patients with retrograde tubes are 
kept NPO for at least 12 hours. After this period 
of time, 5 mL of an electrolyte solution is admin-
istered via the G tube Q 2 h if bowel sounds are 
present. If this amount of fl uid is tolerated, the 
feeds are slowly started following a plan designed 
by the dietician. The interventional radiology 

team follows the patient daily until full feeds are 
reached. The retention suture is cut 14 days after 
the insertion. 

 When possible, the catheter should not be elec-
tively changed during the fi rst 4–6 weeks due to 
immaturity of the tract. After this period of time, 
maintenance of the G tube is performed as needed. 
Button G tubes are the preferred device for some 
families. They are placed as soon as the tract is 
mature and has been upsized to 12 Fr (smallest 
device currently available). Parents are provided 
with a Foley catheter one size smaller than the G 
tube. They are instructed to insert the Foley into 
the mature tract if the G tube accidentally comes 
out to ensure that the tract is kept patent.  

   Complications 

 Complications had been described in 5–9 % of 
patients [ 12 ]. Peritonitis has been described in 
3 % of the patients and can be a life-threatening 
complication. In the presence of symptoms such 
as fever and abdominal discomfort, there should 
be a low threshold to start wide spectrum antibi-
otics, stop feeds, and check the position of the 
catheter. 

 Glucagon use causes an initial elevation of 
serum glucose. Potentially profound, rebound 
hypoglycemia can result in fasted patients with 
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little reserve and those on beta-blockers. The use 
of dextrose-containing fl uids can decrease the 
risk of hypoglycemic complications. 

 In cases of early tube dislodgement, access to 
the stomach can be attempted using the thread of 

the retention suture as a guide for an angiocatheter 
that will allow the insertion of a guidewire and 
reinsertion of the catheter. If this fails or there is 
an early migration of the catheter into the abdom-
inal cavity, this site should be abandoned and a 
new G tube insertion should be scheduled when 
patient conditions permit. 

 Minor site problems are common and can be 
managed with conservative measures. Silver 
nitrate can be applied to the granulation tissue. 
Antibiotics are used in cases of site infection, and 
frequent cleaning with saline and exposure to air 
is used in cases of skin irritation. Other issues 
include gastric mucosa protruding through the 
tract and dilated ostomies resulted of leakage of 
gastric contents/feeds. The ostomy may decrease 
in size if the catheter is removed completely or 
replaced with a smaller catheter; however, surgi-
cal repair may be needed. 

 Intussusception can occur at any stage with 
the use of a GJ tube. Bilious vomiting after 
feeds, associated with abdominal distention 
and pain, is the typical clinical presentation. 
The diagnosis is made using ultrasound in com-
bination with fl uoroscopy. The routine approach 
is to remove the catheter and observe the intus-
susception with ultrasound. If it reduces, we 
reinsert a shorter catheter. If it does not resolve, 
a G tube can be placed for a few days for bowel 
rest [ 3 ,  12 ].  

  Fig. 20.17    Retrograde GJ placement. ( a ) A catheter and 0.035″ wire are used to cannulate the jejunum. ( b ) Final GJ 
tube position after insertion of the wire       

  Fig. 20.18    Duodenal perforation. The initial portion of 
this GJ tube insertion was unremarkable. After the GJ was 
displaced over a normally positioned wire (see Fig.  20.17a  
for example), the tube was noted to project into the right 
upper quadrant. AP image of the abdomen demonstrates 
peritoneal contrast, pneumoperitoneum, and the GJ tube 
overlying the liver. At laparoscopy, a vertical tear of the 
second part of the duodenum was found       
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   Tube Maintenance 

 Small-bore G and GJ tube are ideally changed 
every six months. Tube clogging, dislodgement, 
and leakage are frequent events that precipitate 
an early change. No analgesia or sedation is 
required. 

 The approach to management of large-bore 
PEG-type tubes varies by institution. Some insti-
tutions leave the catheters in place as long as 
needed or until there is an issue. Others electively 
remove the tubes and replace them with a button- 
type catheter after 3 months to decrease the risk 
of erosion of the internal fi xator. Analgesia and 
sedation or general anesthesia may be required 
depending on the patient and the type of tube 
placed.   

   Cecostomy Tube Insertion 

 Cecostomy (C) tubes are catheters placed in the 
cecum to allow antegrade bowel irrigation in 
patients with fecal incontinence. By permitting 
people to evacuate their bowel in a planned man-
ner, these catheters can signifi cantly improve the 
quality of life through increased independence 
and social acceptance [ 3 ]. 

   Indications/Contraindications 

 Spina bifi da and imperforate anus are the most 
frequent indications for C tube insertion. 

 The presence of a nearby VP shunt tip is a 
relative contraindication—it may reposition itself 
if given time. The lack of safe access route and 
uncorrectable coagulopathy are absolute 
contraindications.  

   Preprocedure Workup 

 Cecostomy insertion represents a minimally 
invasive technique to treat fecal incontinence. As 
such, it carries a small but defi nite risk of compli-
cations (see below). In addition, creating an 
appropriate enema routine may take time and the 

tube will require ongoing interventional care. 
Therefore, the decision to undergo cecostomy 
tube insertion should not be undertaken lightly. 
Input from surgeons, gastroenterologists, dieti-
cians, an encopresis team, and interventional 
radiologists can help guide the family during the 
initial evaluation and consent process. 

 The patient starts a clear fl uid diet 2 days prior 
to the procedure. A bowel preparation solution is 
administered the day before and they are admit-
ted the same day of the intervention. Preprocedure 
bloodwork (e.g., INR, PTT) is generally not 
required.  

   Equipment 

 –     Fluoroscopy, US  
 –   Rectal tube (Foley catheter)  
 –   Enema infl ator  
 –   Glucagon  
 –   Prophylactic antibiotics  
 –   Sharp needle (such as Merit)  
 –   0.035″ Stiff guidewire (Amplatz)  
 –   Retention sutures  
 –   Dilators  
 –   Small-bore Cope-loop catheter     

   Technique 

 The procedure is performed under general anes-
thesia, sedation, or local anesthesia, with the 
patient supine. A single dose of prophylactic anti-
biotics is given (cefoxitin, 30 mg/kg). The liver, 
gallbladder, and urinary bladder edges are marked 
on the skin using ultrasound. A Foley catheter is 
placed in the rectum that is used to insuffl ate air 
into the colon using an enema infl ator. Glucagon is 
given intravenously to facilitate colonic distention. 
The cecum is localized using fl uoroscopy and it is 
punctured using an 18-G sharp-tipped needle 
(Fig.  20.19 ). Contrast is injected to make sure that 
the needle is in an adequate position, and a 0.035″ 
Amplatz guidewire is advanced into the colon 
deploying two retention sutures (Cope Pediatric 
Gastrointestinal Suture Anchor Set, Cook). The 
tract is dilated with an 8-Fr dilator, and an 8-Fr 
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Cope-loop multipurpose catheter is placed in the 
cecum, and the guidewire is removed. A fi nal con-
trast check is performed (Fig.  20.19 ). The tube is 
left open to gravity drainage.

   If the colon does not distend adequately and 
the cecum cannot be visualized, the catheter can 
either be placed more distally (in the ascending 
or transverse colon) or the patient can be booked 
for a combined surgical-radiologic insertion. The 
cecum can be mobilized using laparoscopy to 
allow percutaneous cecostomy tube insertion. 
Cecostomy tubes inadvertently placed in the ter-
minal ileum usually function appropriately.  

   Postprocedure Care 

 All patients are admitted to an inpatient unit after 
cecostomy tube insertion. Normal saline catheter 
fl ushes are started 24 h after the insertion. The 
patient can start slow introduction of p.o. feeds 
when bowel sounds are present. 

 Careful monitoring for fever and abdominal 
symptoms is mandatory as procedure-related 
complications include abscess formation, peri-
tonitis, VP shunt infection, and death. If there 
are signs of infection, triple-antibiotic coverage 
is started. Special attention must be paid to 

  Fig. 20.19    Cecostomy tube insertion. ( a ) The cecum is 
localized on fl uoroscopy and punctured with an 18-G 
needle. ( b ) Intraluminal location verifi ed with contrast. 

( c ) An 8-Fr dilator is inserted over an Amplatz wire. 
Intraluminal tube position is verifi ed with ( d ) AP and ( e ) 
lateral projections       
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  Fig. 20.20    Internal displacement of cecostomy tube.    For 
some patients, removal of a cecostomy tube can be painful 
and traumatic. In the absence of a spiral soft tissue tract, a 
tube change can be performed by pushing the old catheter 
into the cecum. The new catheter is used to displace the 
old (after removing the trapdoor). The  arrow  demon-
strates the fragment of the old tube that will be passed 
following the next enema       

symptomatic patients with VP shunts in situ—
early neurosurgical consultation is warranted in 
these patients.  

   Follow-Up 

 The retention sutures are cut 14 days after the 
procedure, and the Dawson-Mueller catheter is 
replaced for a low-profi le device (Chait Trapdoor 
pediatric cecostomy catheter, Cook, Bloomington, 
USA) 6–8 weeks after the primary insertion. To 
allow easy revision, our practice is to replace the 
C tube once a year. Tubes that are in place for 
longer periods become encrusted with calcifi ed 
feces and can be extremely diffi cult to remove. 
For routine changes, the catheters can be removed 
over a hydrophilic guidewire or the trapdoor can 
be removed and the remaining catheter can be 
displaced into the cecum as the new catheter is 
inserted (Fig.  20.20 ). Fecal impaction can 
obstruct a catheter, blocking guidewire advance-
ment. Blocked catheters can be displaced into the 
cecum, recanalized with a hydrophilic guidewire, 
or removed through a peelaway sheath.

   There are currently three sizes of trapdoor 
catheters available. As patients grow and the dis-
tance from the skin to the cecum increases, inser-
tion of longer catheters may be necessary. When 
a patient begins to outgrow a catheter, the loops 
of the pigtail can become displaced into the tract 
(Fig.  20.21 ). This causes elongation of the loops 
of the catheter and formation of a spiral soft tis-
sue tract that can increase pressure at the ostomy 
and result in erosion of the skin. These tubes 
must be removed over a wire. Attempting to dis-
place a tube with a spiral tract into the cecum can 
result in separation of the cecum from the 
 abdominal wall (Fig.  20.22 ).

    Optimally, the GI service or encopresis team 
works with patients and their families to develop 
an appropriate enema routine. This process can 
take several months and families need to be 
warned in advance. 

 Soiling episodes following establishment of 
an enema routine can be secondary to a number 
of causes. Acute GI tract infection is a common 
cause. Peristaltic abnormalities of the bowel can 
sometimes be found. An iodinated contrast 
enema can be used to monitor transit through the 
bowel when a peristaltic abnormality is 
suspected. 

 Skin site issues are relatively common. 
Granulation tissue is treated with saline soaks 
and topical silver nitrate application. Excoriation 
of the site secondary to leakage of fecal contents 
can be treated with a barrier cream; involvement 
of an ostomy nurse can be helpful in severe cases. 
Continued leakage at the site raises the possibil-
ity of a distal colonic stenosis (Fig.  20.23 ).
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  Fig. 20.21    Spiral soft tissue tract. ( a ) Short trapdoor cecos-
tomy catheter in a patient with abdominal pain. Note the 
elongated coils in the soft tissues ( arrows ) and the tightly 
formed coils in the cecum ( arrowheads ). (The patient 
recently underwent a barium enema.) The tension of the 

catheter coils has resulted in the formation of a spiral tract in 
the tissues leading to the cecum. ( b ) The following day, the 
indwelling catheter was removed over a hydrophilic wire and 
a medium-length trapdoor catheter was placed under seda-
tion. Note the straight path through the soft tissues ( arrows )       

  Fig. 20.22    Cecal dissection. Attempted internal dis-
placement of a cecostomy tube in a patient with a spiral 
soft tissue tract resulted in loss of access to the cecum. 
Attempts to regain access resulted in dissection of the 
cecum from the abdominal wall with resultant spread of 
contrast and air into the soft tissues and the right paracolic 
gutter ( arrows )       

  Fig. 20.23    Colonic stricture. Barium enema performed 
to assess massive leakage of bowel contents from cecos-
tomy site. A tight infl ammatory stricture of the ascending 
colon ( arrows ) was found       
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    Chapter Summary 

    Esophageal Dilatation
   Indications  
•   Tracheoesophageal fi stula repair anastomosis 

most common  
•   Epidermolysis bullosa, refl ux stricture, caustic 

ingestion, achalasia, other causes  
•   Swallowing issues, unable to swallow saliva   

   Contraindications  
•   Recent surgery  
•   Varices   

   Preprocedure Workup  
•   Upper GI or feeding study   

   Equipment  
•   4 or 5 Fr directional catheter  
•   Wires—Bentson, Amplatz, glide wire, etc.  
•   Balloons—3–20 mm in diameter, compliant 

vs. noncompliant  
•   Infl ating device if desired  
•   Contrast   

   Technique  
•   Delineate stenosis  
•   Dilate to appropriate size  
•   Check for complications   

   Pearls  
•   EB patients require meticulous technique  
•   Retrograde access (via gastrostomy site) can 

be used in diffi cult cases  
•   Mitomycin C has been used for resistant 

stenosis  
•   Esophageal stents are not commonly used   

   Postprocedure Care  
•   Slow introduction of feeds  
•   Consider admission for EB or diffi cult/com-

plicated procedures   

   Complications  
•   Mucosal tear

 –    Partial/submucosal—monitor  

 –   Full thickness—NPO, antibiotics, admit, 
consult surgery, and monitor closely         

   GAP Study
 –    Catheters placed into esophagus from 

mouth and stomach used to measure seg-
mental gap      

   Gastrostomy/Gastrojejunostomy
   Indications  
•   Inability to feed by mouth  
•   Inability to maintain adequate nutritional intake  
•   GJ for aspiration/refl ux risk   

   Contraindications  
•   Uncorrectable coagulopathy  
•   Ascites  
•   Recent VP shunt insertion/revision   

   Workup  
•   Clinical assessment  
•   Parent teaching  
•   Imaging if potential access issues (multiple 

surgeries, severe scoliosis, etc.)  
•   Coagulation and CBC if clinically indicated   

   Equipment  
•   See    page 313   

   Technique  
•   Prophylactic antibiotics  
•   Retrograde

 –    Local, sedation, GA  
 –   Contrast enema  
 –      Glucagon (0.2–0.5 mg)  
 –   Gastric insuffl ation via NG tube  
 –   Fluoroscopy/ultrasound to puncture  
 –   Retention suture inserted  
 –   Dilate tract  
 –   Place and check tube  
 –   G and NG tubes to drainage     

•   Antegrade
 –    Deep sedation or GA  
 –   Puncture as above  
 –   Snare and externalize wire via oral approach  
 –   Attach PEG tube and pull through the 

mouth, esophagus, and abdominal wall     
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•   Gastrojejunostomy
 –    Jejunum cannulated  
 –   GJ placed with retrograde technique  
 –   J tube placed via PEG with antegrade 

technique      

   Tips/Pearls  
•   Pneumoperitoneum present after insertion can 

be aspirated if required  
•   A small-gauge needle can be used to aspirate 

colon to facilitate gastric puncture   

   Postprocedure Care  
•   NPO until bowel sounds present  
•   Monitor glucose if glucagon is used  
•   Pain management  
•   Tube changes based on institutional practice   

   Complications  
•   Chemical or infections peritonitis, potentially 

life-threatening  
•   Hypoglycemia with glucagon in high-risk 

patients  
•   Tube dislodgement  
•   Site issues  
•   Intussusception with GJ tubes      

   Cecostomy
   Indications  
•   Fecal incontinence  
•   Spina bifi da, congenital rectal anomalies, and 

others   

   Workup  
•   Clinical assessment and family/patient teaching  
•   Bowel prep   

   Equipment  
•   See page    319   

   Technique  
•   Local, sedation, or GA based on patient need  
•   Prophylactic antibiotics (e.g., cefoxitin 

30 mg/ kg)  
•   Mark the liver, gallbladder, and bladder 

location  
•   Note VP shunt if present  
•   Glucagon IV  
•   Insuffl ate colon via rectal tube  
•   2 retention sutures are used  
•   Puncture, wire, dilate, and place catheter  
•   Assure appropriate intraluminal location   

   Postprocedure Care  
•   Restart feeds slowly when bowel sounds 

return  
•   Monitor for fever and pain

 –    Early notifi cation of neurosurgery in 
patients with VP shunt      

   Complications  
•   Infection (abscess, peritonitis, VP shunt infec-

tion, sepsis, death)  
•   Inappropriate tube position  
•   Site issues  
•   Bowel stenosis   

   Follow-Up  
•   Cut    retention sutures after 14 days  
•   Can change to trapdoor catheter  
•   Removal vs. internal displacement for changes             
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          Introduction 

 The development of magnetic resonance (MR) 
cholangiography has led to a decrease in the 
 utilization of and indications for percutaneous 
biliary cholangiography in diagnosis of pediatric 
biliary diseases. However, interventional radiolo-
gists still play a central role in treatment of 
 diseases such as biliary obstruction, choledocoli-
thiasis, and cholecystitis. 

 This chapter will outline interventional tech-
niques for performing intrahepatic and transhe-
patic cholangiography. Biliary diseases that are 
commonly diagnosed through cholangiography 
will then be discussed. A description of biliary 
interventions and associated diseases concludes 
the chapter.  

   Preprocedure Workup 

 An accurate history is obtained, and the previous 
imaging of the patient is evaluated. The imaging 
workup includes ultrasound, CT scan, and MR 

with MR cholangiography. Specifi c issues to be 
addressed include determination of allergies, 
renal function, coagulation status, and blood tests. 
The coagulation targets are platelet count over 
50,000/μL, prothrombin time <18 s, partial throm-
boplastin time <32 s, and INR <1.2. If the blood 
tests are abnormal, coagulation has to be 
optimized to decrease the risk of procedural bleed-
ing. Consultation with a hematologist is recom-
mended. Depending on the case specifi cs, fresh 
plasma and/or platelet infusion may be needed. 
Fresh frozen plasma may be given if the prothrom-
bin time remains >2 s above control levels. 

 Prophylactic antibiotic therapy should be 
administered 1 h before the procedure because 
of the high incidence of bacterial colonization 
of the biliary system, particularly in cases of 
obstruction and in patients with liver trans-
plants. The antibiotic spectrum must cover both 
gram-positive and gram-negative organisms. 
The most common bacteria are  Escherichia coli, 
Enterococci, Klebsiella , and  Streptococcus 
 viridans . A cephalosporin (such as ceftriaxone) 
is typically administered. Ciprofl oxacin can be 
used in patients allergic to cephalosporins.  

   Contraindications 

     1.    Uncorrectable coagulopathy due to the high 
risk of hemorrhage.   

   2.    Ascites should be drained prior to the biliary 
procedure. Liver access must be performed in 
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the absence of fl uid between the liver margin 
and the abdominal wall.   

   3.    Unsafe access route related to interposition of 
the bowel or lung.      

   Equipment 

 Anesthesiology and oxygen saturation monitor-
ing devices are needed. Most biliary procedures 
are performed under general anesthesia. Apnea 
may be necessary in order to access small ducts. 
Dedicated modern C-arm unit equipped with 
pulsed fl uoroscopy is required as is ultrasound. 

 Suggested equipment is listed under specifi c 
procedures below, and a compiled list is included 
in the chapter summary.  

   Anatomy 

 The liver is divided into eight segments with their 
own portal venous supply and biliary drainage 
(Fig.  21.1a ). Normally, the biliary tree is adjacent 
and anterosuperior to the portal branch. The left 
hepatic biliary duct is divided into anterior (seg-
ments III and IV) and posterior (segment II) 
 sectors separated by the left hepatic vein. The 
umbilical fi ssure and falciform ligament separate 
segments III and IV. The segment III biliary 
branch joins the segment II branch to form the 

left hepatic duct close to the Rex recess. Segment 
IV is drained by multiple biliary branches that 
join the left hepatic duct at the liver hilum.

   The right hepatic lobe is divided into antero-
medial (segments V, VIII) and posterolateral 
 sectors (segments VI, VII) by the right hepatic 
vein. The right hepatic duct drains segments V, 
VI, VII, and VIII. The right portal vein separates 
the superior segments (VII and VIII) from the 
inferior segments (V and VI). The right posterior 
and anterior ducts merge close to the hilum. The 
right hepatic duct is shorter than the left hepatic 
duct. Segment I had a variable biliary drainage. 
Most of the time segment I drains bilaterally 
(80 %), in the left hepatic duct (15 %) and in the 
right hepatic duct (5 %). 

 Numerous anatomic variants are described. 
Most of them involve the right segments V, VI, 
and VIII. No anatomic variant of segment VII has 
been reported. On the left side, anatomic variants 
of segment IV have been found (Fig.  21.1b ) [ 1 ].  

   Transhepatic Cholangiography 

 Percutaneous transhepatic cholangiography 
(PTC) is the fi rst step for all percutaneous biliary 
interventions. When MR is inconclusive, cholan-
giography is useful to differentiate between types 
of neonatal cholestases treatable with surgical or 
noninvasive approaches. 

  Fig. 21.1    ( a ) Segmental anatomy of the liver from Couinaud. ( b ) Common anatomic variants. Segments IV, V, VI, VIII       
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 The initial puncture is performed with a 
22-gauge Chiba needle. In case of biliary dilata-
tion, the puncture is performed under ultrasono-
graphic guidance. If the bile ducts are not 
dilated, the standard approach (described below) 
is recommended. 

 The puncture site is selected below the lateral 
costophrenic angle on full inspiration. The needle 
is inserted in the midaxillary line along the supe-
rior aspect of the lower rib to avoid the neurovas-
cular intercostal bundle. The needle is advanced 
parallel to the tabletop in a 20–30° cranial direc-
tion toward a point lateral to the thoracic spine. 

 Classically, during the withdrawal of the needle, 
diluted contrast medium is gently injected until 
opacifi cation of the bile ducts is seen. To minimize 
administration of parenchymal contrast material 
that will obscure the fi eld of view, bile can be aspi-
rated prior to injection. As an alternative technique, 
saline is injected while monitoring for intraluminal 
fl ow using ultrasound in order to avoid diffusion 
of contrast in the parenchyma and subsequent 
decreased visualization on fl uoroscopy. 

 If the biliary system is not adequately opacifi ed 
through the Chiba needle, a 0.018-in. mandril or 
hydrophilic wire can be used to insert a 3 Fr dila-
tor through which contrast can then be injected. 

 The technical success of the procedure is 
almost 100 % if the biliary tree is dilated, but 
drops to 50 % when the ducts are not dilated. In 
pediatrics, when the biliary tree is not dilated, we 
frequently puncture the gallbladder for the biliary 
opacifi cation. Biliary drainage is described below. 

   Complications 

 The complications of biliary access are rare 
(<5 %) and include sepsis, bleeding, biliary leak-
age, and pneumothorax [ 2 ].  

   Cholangiographic Diagnosis of 
Specifi c Biliary Diseases in Children 

   Biliary Atresia 
 Biliary atresia is the most common cause of neona-
tal cholestasis and is the main indication for liver 
trans plantation in children. The incidence is 1/9,600 

in Japan and 1/14,000 in the USA [ 3 ] with a female 
preponderance. The cause of the disease remains 
unknown [ 4 – 6 ]. Clinical presentation includes the 
presence of a hard liver and white stools. A nonsyn-
dromic form is associated with 90 % of biliary atre-
sia cases. In 10 %, biliary atresia can be associated 
with polysplenia, cardiac and pulmonary malfor-
mations, situs inversus, preduodenal portal vein, 
interrupted inferior vena cava, and intestinal 
 malrotation [ 7 ]. Those abnormalities should be sys-
tematically searched for in the evaluation of biliary 
atresia patients. 

 Three types of biliary atresia are described. 
In type 1 (5 %), the obstruction occurs at the level 
of the common bile duct with the presence of a 
gallbladder. In type 2 (3 %), the obstruction 
occurs more proximally within the common 
hepatic duct. The small gallbladder contains no 
bile. In type 3 (90 %), the level of obstruction is 
at the porta hepatis. Examples of biliary atresia 
are shown in Figs.  21.2  and  21.3 .

    Differential diagnosis includes rare surgical 
causes (congenital obstructive choledochal mal-
formations [ 8 ] and bile plug syndrome) and med-
ical causes of neonatal cholestasis (neonatal 
hepatitis, α1-antitrypsin defi ciency, cystic fi bro-
sis). The diagnosis of biliary atresia is mandatory 
in order to delay or prevent biliary cirrhosis and 
the subsequent need for a liver transplantation. 
Accordingly, a Kasai procedure (hepatoportoen-
terostomy) should be performed within 40–60 
days after birth [ 6 ,  8 ]. The majority of cases will 
eventually require liver transplantation.  

  Fig. 21.2    Biliary atresia. Percutaneous transhepatic 
cholangiography. Puncture and opacifi cation of the micro 
gallbladder demonstrate the absence of normal bile duct       
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   Choledochal Cyst 
 Choledochal cyst represents a rare cause of neona-
tal cholestatic jaundice. Development of a chole-
dochal cyst may result from an abnormally long 
pancreaticobiliary duct allowing refl ux of pancre-
atic enzymes into the biliary ducts [ 9 – 12 ]. Female 
preponderance occurs in a ratio of 4:1. Clinical 
manifestations such as abdominal pain, jaundice, 
or mass are nonspecifi c. Diagnosis is usually made 
before 10 years of age; some cases are discovered 
in utero and in adulthood [ 9 ,  10 ]. Differential 
 diagnoses include biliary lithiasis, pancreatic 
pseudocyst, hepatic cyst, primary sclerosing chol-
angitis, enteric duplication, biliary hamartomas, 
microabscess, and biliary papillomatosis. 

 Complications include lithiasis leading to 
infection and even cystic rupture, biliary cirrho-
sis, and cholangiocarcinoma [ 10 ]. 

 Five types of congenital biliary cysts have 
been described [ 13 ]. Type 1 is the most frequent 
(80–90 % of cases) in which the cystic malforma-
tion is confi ned to the extrahepatic ducts 
(Fig.  21.4 ). Three subtypes are described depend-
ing on the extension of the disease. In subtype 1a, 
the “diffuse type,” all extrahepatic ducts are 
involved, and the gallbladder drains in the cyst. In 
subtype 1b, called “focal type,” only a focal seg-
ment of the extrahepatic duct is involved, whereas 
subtype 1c is characterized by a fusiform enlarge-
ment of the choledochal duct, while the common 
hepatic duct is cylindrical. In type 2 (2 % of cases), 
the choledochal cyst is a diverticulum of the 
extrahepatic duct. In type 3 (1.4–5 % of cases), 

a choledochocele is located in the intraduodenal 
segment of the choledochal duct. In type 4, 
 multiple cystic dilatations are encountered along 
both intra- and extrahepatic ducts (type 4a) 
(Fig.  21.5 ) or limited to the extrahepatic ducts 
(type 4b). Type 5 is known as Caroli’s  disease. 

  Fig. 21.4    Cholangiogram demonstrates a type 1a chole-
dochal cyst       

  Fig. 21.5    Puncture of the gallbladder with a Chiba needle. 
The opacifi cation reveals an extrahepatic and intrahepatic 
cystic dilatation diagnostic of type 4a choledochal cyst       

  Fig. 21.3    Puncture of the gallbladder. The opacifi cation 
demonstrates an abnormal gallbladder connected to a 
large cyst but without communication with the duodenum, 
indicating the biliary atresia       
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This Mendelian recessive disease (same PKHD1 
gene as in the recessive polycystic kidney disease) is 
characterized by a nonobstructive cystic dilatation of 
the intrahepatic ducts that can be focal or diffuse.

    Biliary atresia of the distal common bile duct 
can be associated with a choledochal cyst. When 
the dilated common bile duct does not communi-
cate with the duodenum, the diagnosis is biliary 
atresia of the distal choledochus [ 8 – 10 ]. 

 Chronic biliary stasis may lead to the same 
complications as listed above. Although there is 
no primary involvement of the extrahepatic tract, 
the latter can be secondarily modifi ed in the course 
of recurrent infectious cholangitis. 

 MR cholangiography has predominantly 
replaced percutaneous cholangiography for diag-
nosis of choledochal cysts. It is useful to describe 
the cystic anomalies and defi ne their type. In 
Caroli’s disease, the “central dot sign,” consid-
ered as highly suggestive, results from portal vein 
enhancement that is surrounded by cystic 
 intrahepatic biliary ducts [ 14 ]. The pancreatico-
biliary junction can also be analyzed by MR 
cholangiography. 

 Percutaneous or endoscopic retrograde cholan-
giography can be useful to confi rm the  diagnosis, 
determine the type of disease, and precisely 
 analyze the pancreaticobiliary channel and its 
length.  

   Paucity of Intrahepatic Bile Ducts 
 Defi nitive diagnosis of this disease is histopatho-
logical requiring a liver biopsy specimen of 
 adequate size (large) to demonstrate the paucity 
of bile ducts (Fig.  21.6 ) [ 15 ]. This is a common 
cause of neonatal or pediatric cholestatic jaun-
dice. Two forms are described based on the pres-
ence or absence of other malformations. The 
nonsyndromic form can be idiopathic or associ-
ated with metabolic or viral diseases, chromo-
somal alterations, neoplasia, cystic fi brosis, and 
altered bile acid metabolism. The syndromic 
form is known as Alagille syndrome [ 16 ], an 
autosomal dominant inheritance disorder with 
variable expressivity that associates at least three 
of the fi ve following major features: chronic 
 cholestasis, characteristic facies, peripheral 
 pulmonary artery stenosis, butterfl y vertebrae 
(anterior rachischisis), and posterior embryo-

toxon. Prognosis varies, especially with the 
 cardiovascular abnormalities. Pediatric liver 
transplantation is necessary in approximately 
40 % of cases [ 17 ,  18 ].

      Infantile Sclerosing Cholangitis 
 Sclerosing cholangitis in children is a rare and 
heterogeneous condition, resulting from an 
infl ammatory obliterative fi brosis that affects 
intra- and extrahepatic biliary ducts. The disease 
causes hepatic insuffi ciency and cirrhosis and 
carries a risk of malignant transformation into 
cholangiocarcinoma. Cholestatic jaundice is the 
main clinical fi nding that may occur in the early 
neonatal period but can be seen much later in the 
infant’s life [ 19 ]. 

 Etiologies vary and may remain unknown 
[ 20 ]. Immunodefi ciency, infl ammatory bowel 
disease, cystic fi brosis, and histiocytosis are clas-
sical etiologies of sclerosing cholangitis. Despite 
treatment of the underlying disease, liver trans-
plantation is often needed. 

 MR cholangiography shows irregular biliary 
dilatation and beading which are segmental and 
involve multiple focal hepatic territories. The intra-
hepatic biliary ducts are always abnormal. The 
extrahepatic ducts are abnormal in 60 % of cases. 

 Percutaneous or endoscopic retrograde chol-
angiography shows intrahepatic biliary duct 
involvement in 100 % of cases and extrahepatic 
involvement in 60 % of cases [ 21 ]. There is 
 diffuse stenosis of the bile ducts with focal 
 dilatations between strictures providing the 
 characteristic beaded appearance (Fig.  21.7 ). 

  Fig. 21.6    Patient with Byler disease. Percutaneous transhe-
patic cholangiography demonstrates ductular hypoplasia       
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Different segmental hepatic areas are involved 
[ 21 ,  22 ]. Liver biopsy is useful when cholangiog-
raphy is normal [ 23 ].

        Percutaneous Transhepatic 
Biliary Drainage 

 In pediatrics, percutaneous transhepatic biliary 
drainage is indicated in the treatment of bile plug 
syndrome, choledocholithiasis, tumor, and stric-
tures associated with liver transplant. The most 
common obstructive tumors seen in the pediatric 
age group are rhabdomyosarcoma and infl amma-
tory pseudotumor. Other causes of biliary strictures 
include postoperative injury after cholecystectomy, 
hepatic resection, laparoscopy, trauma, acute or 
chronic pancreatitis, primary sclerosing cholangi-
tis, or radiation. 

 After opacifi cation of the biliary tree with 
PTC, drain insertion is performed. When PTC is 
performed through a central duct, a second punc-
ture is often needed to insert the drain into a more 
appropriate peripheral segmental duct. A coaxial 
dilator system (such as a Neff or Accustick Set) is 
used to traverse the hepatic parenchyma, provide 
stable access for biliary tract intervention, and 
allow upsizing of the 0.018″ mandril or hydro-
philic wire to a 0.035″ system. The three compo-
nents are an outer sheath, an inner tapered 
introducer, and an innermost metal stiffening 

cannula. Placement of a secondary safety wire 
can be considered for additional stability. 

 After introducing a guidewire into the biliary 
tract, the next step is to cross the stricture and 
gain access to the bowel for internal or internal–
external biliary drainage. This is generally 
achieved with an angiographic catheter and 
hydrophilic guidewire. After crossing the stric-
ture with a guidewire, balloon dilatation is per-
formed (2–6 mm in diameter). The stricture is 
dilated serially until it can accommodate an 
appropriately sized drainage catheter (6–14 Fr). 
The balloon is infl ated for approximately 1 min 
per infl ation. Dilatation must usually be per-
formed progressively to avoid laceration and 
massive bleeding into the biliary system. 
Dilatation may be repeated several times to 
obtain a good duct caliber. Severe fi brotic stric-
tures can be managed with high pressure bal-
loons. Once the infl ation is initiated, a waist is 
seen at the stricture site that usually disappears 
with increasing pressure as the stenosis subsides. 
The hydrophilic guidewire is removed, and a stiff 
0.035″ or 0.038″ Tefl on-coated metallic wire is 
placed, and the fi nal drainage catheter is advanced 
over the guidewire (Figs.  21.8  and  21.9 ). Standard 
or handmade transanastomotic internal–external 
biliary drainage catheters ranging from 6 to 14 Fr 
in size (Boston Scientifi c, Natick, MA) are used. 
Occasionally, additional side holes must be made 
in the catheter if the holes provided by the manu-
facturers do not allow adequate drainage. It is 
paramount to adjust the size and distribution of 
the holes to fi t with the patient’s anatomy. In 
other words, one must assess the exact location of 
the side holes to optimize the drainage without 
extrahepatic biliary leak. In order to do so, a 
guidewire is placed within a transhepatic catheter 
advanced in the third portion of duodenum. The 
ideal location of the most proximal and distal side 
holes is marked by bending the guidewire prior to 
its removal. Any necessary additional side holes 
are then created on the drainage catheter based on 
these measurements. After the placement of the 
catheter, contrast injection is recommended to 
ensure proper opacifi cation of the biliary tree, 
nonopacifi cation of the portal or hepatic venous 
system, and absent peritoneal extravasation.

  Fig. 21.7    Cholangiography in infantile sclerosing chol-
angitis shows irregular biliary dilatation, beading, and 
stenoses       
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    Sometimes a two-stage procedure is necessary. 
Patients with obstructed, infected biliary systems 
can become acutely septic as a result of bile duct 
manipulation. Some strictures are diffi cult to 
cross due to regional anatomy or edema of the 
area. In these instances, a drain is left in the bili-
ary tree proximal to the stenosis. Secondary 
placement of an internal–external drain can be 
undertaken after a minimum of 48 h of external 
drainage and antibiotic treatment when the 
patient has defervesced. 

 Percutaneous cholangiogram is an effective 
method to identify the presence of biliary stric-
tures. The success rate of PTC is 96 %, and the 
reported success rate of percutaneous biliary 
drainage is 89 % in pediatric liver transplant 
recipients [ 24 ,  25 ]. Sunku et al. reported a 100 % 
technical success rate for PTC and balloon dilata-
tion. Stricture recurrence is a real drawback 

occurring in 66 % of cases in Sunku et al. series. 
The recurrence rate was 45 % for anastomotic 
strictures, 90 % for intrahepatic strictures, and 
100 % for the cases with both an anastomotic and 
intrahepatic strictures [ 24 ]. 

   Complications 

 The complications of biliary drainage are pain, 
bleeding, hemobilia, and infection. The incidence 
of bacteremia and endotoxic shock is reduced by 
the routine administration of prophylactic intra-
venous antibiotics. Pneumothorax can occur with 
a high right-sided puncture. It can be avoided 
with the fl uoroscopic examination of the right 
costophrenic sulcus during deep inspiration. 
Whenever possible, the puncture site should be 
caudal to the sulcus. Biliary peritonitis is related 

  Fig. 21.8    ( a ) Puncture of the biliary branch of segment II 
showing a stenosis of the transplant’s biliary–bowel intesti-
nal anastomosis. ( b ) A guidewire is inserted followed by the 
placement of the introducer (Neff set). The end of the wire 

is in the blind end of the Roux-en-Y loop. The guidewire 
must be in the jejunal loop. ( c ) A progressive dilatation 
from 4 to 6 mm balloon size was performed. ( d ) An internal–
external biliary catheter was placed       
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to the catheter side holes inadvertently placed 
outside the liver, allowing the free fl ow of bile 
into the peritoneum. Pneumothorax, bile effu-
sion, or subphrenic collections are rare complica-
tions that should be drained when necessary.  

   Postprocedure Care 

 In the absence of sepsis, catheters are initially 
fl ushed on a daily basis. Depending on institu-
tional practice, catheters may or may not be 
fl ushed after discharge from hospital. 

 Usually, exchange of the catheter takes place 
every 2–3 months on an outpatient basis. If the 
stricture has improved and there is no bile leak, a 
catheter without side holes (and therefore with no 
draining function) is left in place above the anas-
tomosis. This tube will preserve the biliary access. 
After a test period of 2–8 weeks, a normal 
 cholangiogram, and stable LFTs, the catheter can 

be safely removed. Complete closure/sealing of 
the biliary access is advocated before surgical 
cholangioplasty. Sometimes the catheter is 
removed inadvertently resulting in biliary leak at 
the skin surface. Most leaks subside spontane-
ously during the following weeks.  

   Technical Remarks 

     1.    The use of cutting balloon: Saad et al. [ 27 ] 
reported a success rate of 93 % ( n  = 22; 
 p  = 49).   

   2.    Stent placement can potentially preclude or 
complicate defi nitive surgical repair. For this 
reason, retrievable stent graft placement is 
recommended.   

   3.    Biliary leaks: Endoscopic retrograde cholan-
giopancreatography (ERCP) is recommended 
as the fi rst option when the procedure is fea-
sible and available.   

  Fig. 21.9    ( a ) Image from the initial percutaneous transhe-
patic cholangiogram demonstrating injection into a biliary 
radicle with fi lling of the biliary tree. A severe stenosis was 
demonstrated without opacifi cation of the bowel. ( b ) A distal 
branch of the segment VII was punctured under  ultrasound. 

( c ) The introducer sheath was installed. ( d ) A Terumo 
 guidewire with a glide catheter (4 Fr) was used to cross 
the stenosis. ( e ) Progressive dilatation of the choledochal 
anastomosis was done with 4–7 mm balloons. ( f ) An internal- 
external biliary catheter was installed       
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   4.    Recommended timing of catheter removal is 
controversial ranging from a few weeks to a 
year. No randomized studies have compared 
early versus late catheter removal. No defi ni-
tive advice can be given for catheter dwell 
time; however, removal can be considered 
with a normal cholangiogram, tolerance of a 
trial of internal drainage, and normal LFTs.      

   Specifi c Biliary Diseases Treated with 
Percutaneous Biliary Intervention 

   Benign Biliary Strictures: Liver 
Transplant 
 Biliary complications are observed in 5–34 % of 
pediatric liver transplant recipients [ 24 ,  26 ]. 
Complications include anastomotic leakage and 
stenosis with bile duct dilatation, stones, sludge 
or debris, and biloma. The majority of these com-
plications occurred within the fi rst 3 months after 
transplantation. However, biliary strictures and 
stones can occur months or even years after the 
procedure [ 25 ]. 

 Strictures are commonly seen in split-liver 
transplantation which is frequently performed in 
pediatrics. Split-liver transplantation represents a 
technical challenge in comparison with whole 
liver transplantation because of the short length 
of the donor right (rarely left) hepatic duct avail-
able to be sutured resulting in a biliary anastomo-
sis under tension. 

 Two types of biliary anastomosis are performed: 
choledochocholedochal (CDCD) anastomosis of 
the donor common bile duct to the recipient com-
mon bile duct and biliodigestive choledochojeju-
nostomy or hepaticojejunostomy attaching the end 
of the common bile duct or common hepatic duct 
to the side of a loop of jejunum that is pulled up to 
the region of the porta hepatis in a Roux-en-Y con-
fi guration. The latter anastomosis is required in 
biliary atresia patients. 

 The stricture is located at the level of the anas-
tomosis or in the intrahepatic biliary ducts. 
Strictures of the biliary tree are associated with 
hepatic artery thrombosis in liver transplant 
patients (Fig.  21.10 ). The success rate by percu-
taneous approach is only 78 % compared to 
100 % for endoscopic approach. However, the 
endoscopic approach is more diffi cult in children, 
even more so in infants. Results have to be evalu-
ated in this age group.

      Biliary Rhabdomyosarcoma 
 This very rare pathology carries a poor prog-
nosis. Clinical manifestations are nonspecifi c and 
include cholestatic jaundice, abdominal mass, 
and weight loss. 

 Imaging features demonstrate an infi ltrative 
mass with proximal biliary dilatation that fre-
quently involves the common bile duct [ 28 ,  29 ] 
(Fig.  21.11 ). Chemotherapy is the fi rst choice of 
treatment with variable response. Liver transplan-
tation is controversial. Prolonged drainage with an 

  Fig. 21.10    A 17-year-old girl with whole liver transplan-
tation complicated by artery thrombosis. ( a ) Cholangiogram 
demonstrates severe biliary damage with focal dilation and 
stenosis related to biliary necrosis. A severe obstruction 

was noted at the biliary anastomosis. ( b ) With a Terumo 
and glide catheter, the stenosis was crossed and balloon 
dilatation was performed. ( c ) An internal-external catheter 
was installed       
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internal–external stent is required until the tumor 
responds to chemotherapy or transplantation is 
undertaken.

      Bile Plug Syndrome 
 Thickening of the bile often results from prema-
turity, hemolysis, hemorrhage, infection, cystic 
fi brosis, dehydration, parenteral nutrition, and 
intestinal atresia. Mechanical obstruction of the 
biliary tract leads to nonspecifi c symptoms such 
as icteric cholestasis and abdominal pain. 
Complications are essentially infectious with 
cholangitis, liver abscess, and septicemia. 

 Treatment is conservative in most instances. 
When required, treatment modalities include bili-
ary lavage through percutaneous cholangiogra-
phy approach or, rarely, surgical treatment.  

   Biliary Lavage 
 The gallbladder is usually accessed directly with a 
22-gauge Chiba needle. A transhepatic approach 
can also be utilized. A 0.018-in. wire may be used 
with a coaxial dilator which allows transition to a 
0.035-in. system. The biliary tree is opacifi ed with 
diluted contrast. A 5 or 6 Fr drainage catheter is 
inserted in the gallbladder. The lavage is per-
formed with saline. The following day, the biliary 
tree is reopacifi ed and the lavage repeated if the 
obstruction is still present (Figs.  21.12  and  21.13 ). 
The catheter is removed when the biliary tree is 
free of sludge. In our institution, biliary lavage has 
proved safe and useful in such instances.

    Cholecystostomy has also been described for 
the treatment of acalculous cholecystitis and 
obstructive jaundice in children.  

  Fig. 21.11    A 20-month-old child with biliary rhabdo-
myosarcoma. ( a ) A puncture of biliary branch was per-
formed with a Chiba needle. The guidewire passes easily 

through the tumor. ( b ) An internal-external stent was 
installed. ( c ) A second biliary drain was left in place proxi-
mally within the biliary tree       

  Fig. 21.12    Cholestasis in a neonate. ( a ) PTC by the gallbladder shows biliary plug. ( b ) After saline lavage, we opacifi ed 
the intrabiliary tree. ( c ) Lavage was performed for 2 days. The last control showed normal biliary duct       
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   Choledocholithiasis 
 Pediatric choledocholithiasis is a rare condition 
that is often associated with a preexisting 
 abnormality. Prematurity, infection, dehydration, 
hemolysis, total parenteral nutrition, and furose-
mide therapy are known to be signifi cant risk 

 factors for lithiasis. In older children, choledochal 
cyst, biliary stenosis, hemolytic anemia (sickle 
cell), cystic fi brosis, Crohn’s disease, obesity, and 
intestinal resection contribute to lithiasis. 

 Findings at ultrasonography, MR cholangiog-
raphy, and percutaneous or retrograde cholangiog-

  Fig. 21.13    A 3-year-old child with spherocytosis. ( a ,  b ) 
Abdominal pain and cholestasis were observed. An 
abdominal ultrasound found sludge in the gallbladder 
and the biliary tree. ( c ) A gallbladder puncture was per-
formed and the biliary tree was opacifi ed. ( d ) We crossed 

the cystic duct and inserted a multihole drainage catheter. 
( e ) After 4 days of lavage, there is complete resolution of 
the sludge. ( f ) One week after the procedure, ultra-
sound showed a normal gallbladder and ( g ) normal 
 biliary tree       
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raphy are quite similar, showing biliary dilatation 
above an impacted stone and sometimes an under-
lying abnormality. 

 Through biliary drainage and dilatation, inter-
ventional radiology plays a central role in the treat-
ment although surgery is sometimes still required 
(Fig.  21.14 ) [ 30 ,  31 ]. Stones less than 1 cm can be 
pushed through the papilla into the bowel with bal-
loon catheter. Stones larger than 1 cm must be 
fragmented to facilitate passage into the bowel.

        Trauma 

 Trauma (Fig.  21.15 ) of the biliary tree can be 
rare or silent in the pediatric group. Three- 
dimensional, spiral CT cholangiography and 
MR cholangiography are useful in the diagnosis 
of bile duct injuries [ 32 – 34 ]. Nonsurgical 
 management of hemodynamically stable 
patients with trauma has become the standard 

  Fig. 21.14    A 4-year-old girl with cholestasis. ( a ) PTC 
demonstrated a choledochal stone associated with a cho-
ledochal cyst. The stone was mobilized through the bil-
iodigestive system, and an internal-external catheter was 
placed. ( b ) The following day, the patient developed 
 signifi cant abdominal pain. Opacifi cation of the drain 

demonstrated a tube-related intussusception. ( c ) The tube 
was removed and the intussusception subsided spontane-
ously. ( d ) The cholangiogram at the end of the procedure 
displays a diverticulum ( arrow ) of the distal common bile 
duct with an abnormal biliopancreatic junction as seen 
with choledochal cyst       
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method of care. In pediatric hepatic trauma, 
10 % of  complications have been reported 
including rupture, hematoma, hemobilia, and 
biliary leaks. ERCP has been used as a diagnos-
tic as well as therapeutic modality for extrahe-
patic biliary injury. Biliary stent or nasobiliary 
drain placement without sphincterotomy is rec-
ommended [ 35 ]. Intrahepatic biloma following 
blunt trauma may be more common than previ-
ously reported. They may resolve spontane-
ously, and many bile leaks are clinically silent 
[ 36 ,  37 ]. Most of the intrahepatic biliary leak is 
treated conservatively or by catheter drainage 
for minor leaks.

      Conclusion 

 Diagnoses of most biliary diseases are made by 
MR cholangiography. However, biliary inter-
vention is particularly useful in the treatment 
of  biliary plug and liver transplant complications. 
Biliary interventions are safe and cost-effective 
with a low complication rate. Currently, there 
are no guidelines regarding the appro priate 
duration of biliary drainage in children,  especially 
for liver transplant. Multidisciplinary approach 
is key to decide the best therapeutic option for 
these patients. 

  Chapter Summary 

   Background 
•   Performed for diagnosis and treatment of bili-

ary disease  
•   Decreased role due to MRCP   

  Equipment 
•   22 Chiba needles  
•   Coaxial dilator set  
•   Wires: 0.018″ mandril and 0.035″ hydrophilic/

Tefl on coated/stiff  
•   Balloons: 2–6 mm; use of cutting balloons has 

been described  
•   Drainage catheters: 5–14 Fr; may require 

 creation of side holes   

  Indications 
   1.    Diagnosis: neonatal cholestasis versus ana-

tomic causes
    (a)    Biliary atresia   
   (b)    Choledochal cyst   
   (c)    Paucity of intrahepatic bile ducts   
   (d)    Infantile sclerosing cholangitis       

   2.    Cholestasis treatment
    (a)     Faster resolution of TPN-associated cho-

lestasis noted [ 37 ]   
   (b)    Treatment of biliary sludge       

  Fig. 21.15    Car accident trauma. ( a ) MR cholangiogram 
showed an obstruction of the distal part of the common 
bile duct. ( b ) The surgeon asked for cholangiography to 

defi ne the anatomy. Complete occlusion of the distal part 
of the common bile duct was found       
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   3.    Stricture
    (a)    Post liver transplant   
   (b)    Tumor

    (i)    Biliary rhabdomyosarcoma       
   (c)    Idiopathic and iatrogenic

    (i)    Bile plug syndrome           
   4.    Choledolithiasis   
   5.    Cholecystitis   
   6.    Trauma

    (a)    Consider conservative treatment and ERCP        

  Contraindications 
   1.    Uncorrectable coagulopathy   
   2.    Ascites   
   3.    Interposed bowel or lung    

  Preprocedure Workup 
 –   CBC, INR, PTT, BUN, and creatinine  
 –   Prophylactic antibiotics (e.g., ceftriaxone, 

ciprofl oxacin)   

  Technique 
•   Biliary access

 –    Ultrasound-guided biliary access when 
possible  

 –   Standard approach (pullback contrast injec-
tion) when necessary/indicated  

 –   Can puncture gallbladder for diagnostic 
cholangiogram     

•   Drainage
 –    Coaxial dilator provides stability for 

inter ventions  
 –   Minimize intervention when septic

 °    Place external biliary drain and return 
after 48 h of antibiotics     

 –   Consider safety wire  
 –   Sequential dilatation (2–6 mm) and high 

 pressure/cutting for resistant stenoses  
 –   6–14 Fr internal–external drainage catheters

 °    May require additional side holes  

 °   Assure adequate drainage and no perito-
neal leak         

  Complications 
   1.    Sepsis   
   2.    Hemorrhage   
   3.    Bile leak   
   4.    Pneumothorax    

  Postprocedure Care 
•   catheters when not septic  
•   Catheter exchange q 2–3 months      

Follow- Up      

•    Timing of biliary catheter removal controversial         
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          Introduction 

 Pediatric nonvascular genitourinary intervention 
may be divided into perirenal interventions, such 
as drainage of urinoma and urine leaks, and per-
cutaneous nephrostomy/ureteral interventions 
[ 1 – 8 ]. Percutaneous nephrostomy is utilized for 
relief of urinary tract obstruction, urinary diver-
sion for treatment of trauma, or decompression of 
an infected urinary tract. Percutaneous nephros-
tomy is also means for access for subsequent 
endourologic procedures. 

 The indications for genitourinary intervention 
in children differ from that in the adult in several 
respects. Congenital anomalies such as 
 ureteropelvic junction (UPJ) obstruction, ureteral 
vesicle junction (UVJ) obstruction, and posterior 
urethral valves are commonly encountered con-
ditions in children. Conditions in common with 
adult patients are trauma, nephrolithiasis, and 
drainage of complex urinary tract infections.  

   Preprocedure Workup 

 With GU interventions in children, consideration 
of a pediatric sedation plan is required which 
includes preprocedural evaluation, drug selec-
tion, patient monitoring, and postprocedural care. 
See Chap.   3     for sedation information. General 
anesthesia is sometimes necessary, particularly 
for prolonged procedures or when preprocedural 
evaluation identifi es risk or contraindications for 
sedation. 

 Coagulation parameters including PT, PTT, 
INR, and platelets are assessed to determine risk 
for bleeding. Procedures are not done with uncor-
rected coagulopathies. The administration of pro-
phylactic antibiotics is controversial. However, in 
cases of urinary sepsis, the choice of antibiotic is 
based on the patient’s specifi c risk factors for 
 bacteriuria    and bacteremia. Cefazolin, ceftriaxone, 
or ampicillin and gentamicin are commonly used.  

   Equipment 

 Most, if not all, interventions in the pediatric GU 
tract utilize ultrasound for image-guided access. 
A high-quality ultrasound system with a variety 
of linear and curved array transducers is 
essential. 

 Specifi c equipment for each intervention will 
be discussed below and is included in the chapter 
summary.  
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   Perinephric Fluid Collections: 
Urinomas and Urine Leaks 

 A urinoma is an encapsulated collection of 
extravasated urine. Urinoma in the pediatric 
population is most frequently due to obstructive 
hydronephrosis related to congenital anomalies 
such as UPJ obstruction, UVJ obstruction, or 
posterior urethral valves, where there has been 
calyceal perforation (Fig.  22.1 ). A urinoma 
may also occur with renal fracture following 
trauma. Urinomas are most often confi ned 
within the perirenal space by Gerota’s fascia 
but may dissect along fascial planes into the 
peritoneal cavity or along the iliopsoas muscle 
extending below the inguinal ligament into the 
soft tissues of the thigh and buttock. A urinoma 
may even extend into the mediastinal and pleu-
ral spaces.

   Complications associated with urinoma 
include hydronephrosis from mass effect, para-
lytic ileus, electrolyte imbalance, and abscess 
formation. Urinoma with active urine leak can be 
diagnosed with contrast-enhanced CT with 
delayed images, retrograde pyelography, renal 
scintigraphy, or IVP. 

   Indications/Contraindications 

 The indications for drainage of urinoma are 
large-size or persistent leak over several days and 
fever or sepsis, regardless of size. Also, drainage 
of urinoma that separates renal fragments accel-
erates the healing process (Fig.  22.2 ).

   Urinoma drainage can be accomplished with 
ultrasound or CT guidance using standard 
 percutaneous drainage techniques.   

   Percutaneous Nephrostomy 

   Indications 

 Percutaneous nephrostomy is a well-established 
interventional radiology procedure. The most 
common indications for percutaneous nephros-
tomy in the pediatric age group are UPJ obstruc-
tion, obstruction after pyeloplasty, UVJ 
obstruction, posterior urethral valves, treatment 
of complex urinary tract infection, and primary 
obstructive megaureter. Percutaneous nephros-
tomy may also be used as an initial step for the 
purpose of ureteral intervention, as discussed 
later in this chapter.  

  Fig. 22.1    Calyceal perforation and perirenal urinoma. ( a ) VCUG exam in newborn male with posterior urethral valves. 
( b ) Vesicoureteral refl ux through calyceal perforation into perirenal urinoma       
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   Anatomy 

 An understanding of renal anatomy is essential 
for avoiding potential complications. The main 
renal artery divides into the major anterior and 
posterior branches (Fig.  22.3 ) with the anterior 
branch supplying the anterior two-thirds and 
the posterior branch the posterior one-third of 
the kidney. Brodel’s bloodless line is a zone 
of relative avascularity posterior to the lateral 
convex border at the junction of the anterior 
two-thirds and posterior one-third of the kid-
ney. The posterior calyces are oriented with 
their long axis towards this area. This ideal 
nephrostomy access route minimizes vascular 

injury by passing parallel to the renal vessels 
(Fig.  22.4 ).

    The puncture site is determined by the goal to 
be accomplished. A subcostal approach below the 
eleventh rib, into a lower pole calyx, is best for 
simple urinary drainage. A posterior calyx of the 
middle or upper collecting system is best accessed 
when there is expected ureteral intervention or 
subsequent endourologic procedures. In either 
instance, puncture of the renal infundibula or 
 pelvis is avoided because there is a higher risk of 
vascular injury. All nephrostomy catheters should 
traverse the renal parenchyma before entering the 
collecting system. The parenchyma provides a 
secure seal and anchor around the catheter.  

  Fig. 22.2    Right renal fracture with perirenal urinoma. 
( a ) Skydiver who after successful fi rst jump was ceremo-
niously tossed into a pond onto a submerged rock, fractur-
ing the right kidney. There is a sizable perinephric fl uid 
collection around the fractured kidney. There is good 
enhancement of the renal fragments indicating vascular 
viability. ( b ) The delayed scans through the kidney show 
contrast collecting in the dependent portion of the perire-

nal space. Aspiration of the fl uid yielded blood-tinged 
urine, indicating an active urine leak rather than active 
extravasation of blood. ( c ) A perirenal drainage catheter 
was placed and the urinoma was successfully drained. 
The catheter was left in place for about 10 days, over 
which time the catheter output gradually decreased. ( d ) A 
follow-up US at 1 month shows healing of the renal frac-
ture with no re-accumulation of the urinoma       
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   Conventional Technique 

 The patient is placed in a prone position on the 
fl uoroscopy table. Aseptic technique including 
the use of hat, mask, and gown for the operators 
is performed. The patient’s skin is prepped and 
draped. Local anesthesia with 1 % buffered lido-
caine is administered at the site of the needle 
entry. With ultrasound guidance, a 21-gauge 
micropuncture needle is used to access a poste-
rior calyx in the middle or lower pole of the kid-
ney (Fig.  22.5 ). Needle placement in the 
collecting system is confi rmed by aspirating a 

small amount of urine, taking care not to totally 
decompress the system. A small amount of con-
trast can be gently injected to opacify the renal 
collecting system. A 0.018-inch stiff guidewire is 
advanced under fl uoroscopic observation, and the 
needle is removed. A small slit in the skin is 
made large enough to accommodate the subse-
quent dilators and nephrostomy catheter. A per-
cutaneous access set is advanced over the 
guidewire, and the stiffener and inner dilator are 
removed, leaving the 0.018-inch wire in place. It 
is important that the guidewire, dilator, and cath-
eter introduction is done with the C-arm angled 
so the beam is approximately perpendicular to 
the skin entry. In this way, the needle, guidewire, 
dilators, and catheter are seen in profi le so that 
guidewire kinking and perforation of the collect-
ing system is avoided.

   The    procedure is continued by advancing a 
0.035-inch stiff hydrophilic wire through the 
outer dilator and coiling the wire in the renal 
collecting system or preferably advancing down 
the ureter. The 0.018-inch wire can be secured 
and temporarily left in place as a safety wire. 
The tract is serially dilated over the larger wire, 
and an 8-French (or larger) nephrostomy cath-
eter is advanced over the larger wire. The larger 
wire is then removed and the pigtail formed in 
the renal pelvis. Contrast injection confi rms 
proper catheter position without over distend-
ing the system. The catheter is connected to a 
drainage bag and secured to the skin with a 
dressing such as a Percu-Stay. The safety wire 
can then be removed.  

  Fig. 22.3    Renal artery anatomy. ( a ) The main renal artery divides into anterior and posterior branches. ( b ) Brodel’s 
bloodless zone, relative avascularity at the junction of the anterior two-thirds and posterior one-third of the kidney       

  Fig. 22.4    The ideal nephrostomy access route minimizes 
vascular injury by passing parallel to the renal vessels       
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   Modifi ed Technique 

 Nephrostomy placement in neonates and young 
infants present unique technical challenges not 
encountered in older children. Renal size in a 
newborn or young infant is much smaller than 
that of an older child. Even though the collecting 
system may be relatively dilated, the absolute 
amount of urine is small, so coiling guidewires 
and forming a pigtail of the catheter are diffi cult 
(Fig.  22.6 ). The small volume also means the col-
lecting system can decompress rapidly during the 

procedure. In addition, the thinner renal paren-
chyma and surrounding retroperitoneal fat offer 
less resistance and support. These factors may 
make it diffi cult to advance a micropuncture set 
into the collecting system; the micropuncture set 
indents the parenchyma but fails to traverse it. 
The guidewire may be in the collecting system 
(Fig.  22.6d ); however, the dilators and nephros-
tomy catheter do not penetrate the cortex, result-
ing in extrarenal catheter placement.

   The probability of catheter placement in the 
renal collecting system is increased with the 

  Fig. 22.5    Percutaneous nephrostomy placement using 
the conventional technique. ( a ) The dilated collecting sys-
tem is entered with US guidance with a micropuncture 
needle, and a 0.018-inch Cope wire is advanced under 
fl uoroscopic observation. ( b ) A small amount of contrast 

is injected to opacify the system. A 0.035-inch guidewire 
is coiled in the renal pelvis. ( c ) The pigtail of the nephros-
tomy catheter is formed in the dilated renal pelvis. ( d ) The 
catheter is secured with a Percu-Stay dressing and con-
nected to gravity drainage       
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following technique outlined by Koral et al. 
The initial puncture is made with an 18- to 
19-gauge vascular single-wall needle, through 
which a 0.035-inch, 80-cm stiff guidewire is 
advanced. The needle is removed and a small 
slit is made along the guidewire down to the 
renal parenchyma. Under fl uoroscopic obser-
vation, a 6-French hydrophilic catheter with a 

tapered tip and small locking pigtail is 
advanced over the wire. Intrarenal catheter 
placement is confi rmed by contrast injection. 
This technique not only increases the success 
rate of nephrostomy placement in the neonate 
and young infant but is also quick and simple. 
The steps of tract manipulation and dilatation 
are eliminated.  

  Fig. 22.6    Proposed mechanism for failed micropunc-
ture technique in a neonatal kidney with UPJ obstruction. 
( a ) The dilated collecting system is entered with a 
21-gauge micropuncture needle. ( b ) As the 0.018-inch 
Cope wire is advanced through the needle, decompres-
sion of the collecting system begins. ( c ) An attempt is 
made to place a micropuncture set. The thin parenchyma 
offers little resistance. The small decompressing collect-
ing system and the inability to negotiate the 0.018-inch 
Cope wire down the ureter, which is usually the case in 
severe UPJ obstruction, result in incomplete placement of 
the micropuncture set. ( d ) As the 0.035-inch wire is 
advanced through the outer sheath of the micropuncture 

set, the wire may or may not enter collecting system. The 
fi gure shows the fl oppy end of the wire in the collecting 
system. ( e ) The collecting system continues to decom-
press during each step. An attempt is made to place a 
nephrostomy tube over the 0.035-inch wire. ( f ) The cath-
eter cannot be advanced into the collecting system 
because the wire cannot be manipulated down the ureter. 
The collecting system is nearly completely decom-
pressed. On fl uoroscopy, it is diffi cult to know whether 
the catheter is in the collecting system. ( g ) The wire is 
removed, leaving the nephrostomy catheter outside the 
decompressed collecting system. There is usually a uri-
noma around the kidney at this stage       

 

F.P. Morello



351

   Complications 

 Complications of percutaneous nephrostomy 
placement include sepsis, septic shock, vascular 
injury, bowel transgression, pneumothorax, and 
hydro/hemothorax. To avoid complications, pre-
procedural antibiotics, especially in the setting of 
pyonephrosis (Fig.  22.7 ), are recommended. Do 
not over distend an obstructed system to prevent 

bacteremia or perforation. A single-wall punc-
ture of a posterior calyx from 20 to 30° oblique, 
below the eleventh rib and through Brodel’s 
bloodless line, will serve to avoid vascular injury. 
Direct puncture of the renal pelvis is to be 
avoided. A preprocedural CT may be helpful in 
patients with distorted anatomy (Fig.  22.8 ).

        Ureteral Intervention 

   Ureteral Stents 

 Minimally invasive therapy in the GU tract begins 
with renal access by means of percutaneous 
nephrostomy. The most common extension of 
percutaneous nephrostomy is ureteral stent place-
ment for ureteral obstruction.   

   Indications 

 Indications for ureteral stent placement include 
persistent UPJ obstruction following pyeloplasty, 
UVJ stenosis following reimplantation, ureteral 
calculus, and traumatic transection of the ureter. 

  Fig. 22.7    Pyonephrosis. The pelvicalyceal system is dis-
tended with echogenic debris-ladened fl uid       

  Fig. 22.8    ( a ) Neuromuscular scoliosis. ( b ) The right kid-
ney is more medial in position with the right colon occu-
pying the renal fossa. The kidney may be more diffi cult to 

image with US, and the colon may be inadvertently trans-
gressed with the needle and nephrostomy catheter       
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Antegrade stent placement is often possible even 
when retrograde cystoscopic attempts are not 
successful.  

   Equipment 

 Ureteral stents are of two basic types: nephroure-
teral stents in which there is an external portion 
with a draining nephrostomy loop positioned in 
the renal pelvis and a ureteral component with 
distal side and end holes (Fig.  22.9 ) and double-J 
stents whose proximal and distal ends are posi-

tioned in the renal pelvis and bladder with no 
external component (Fig.  22.10 ).

    The advantages of the nephroureteral stent are 
that it can be used for follow-up nephrostograms, 
a tract is maintained for possible future manipu-
lations, it can be changed percutaneously if stent 
occlusion occurs, and it can be capped to func-
tion as an internal stent. The disadvantages of 
nephroureteral stents are that there is an external 
component which requires catheter care and it 
may get pulled on, thus dislodging the stent. The 
skin and subcutaneous tract may also act as a 
conduit for infection. 

  Fig. 22.9    Nephroureteral stent with the proximal self-forming renal pelvis loop and distal bladder pigtail loop. The 
external portion of the catheter can be left to gravity drainage or capped for internal drainage       

  Fig. 22.10    Ureteral stent delivery system. The stent is mounted on the two-piece cannula and stabilizer for antegrade 
placement       
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 If a large inventory of catheters is not available, 
other types of catheters can be repurposed or 
modifi ed to meet your needs. For example, a bili-
ary drainage catheter can be used in larger 
patients, or side holes can be created along the 
length of a traditional catheter to allow for drain-
age from the UPJ to the bladder. Double-J stents 
typically come in sizes of 4–6 French and are 
available in varying lengths.  

   Technique 

 Ureteral stent placement begins using either the 
conventional or modifi ed technique for percuta-
neous nephrostomy as described earlier. Access 
through a posterior middle or upper pole calyx 
will facilitate access to the UPJ. The 0.018-inch 
safety wire and 0.035-inch stiff working wire are 
manipulated down the ureter and must be able to 
pass the segment of obstruction. When passage 
beyond the obstruction is not possible at the ini-
tial nephrostomy placement, it may be successful 
after 7–10 days of external drainage. The external 
drainage will often reduce proximal ureter redun-
dancy and mucosal edema within the obstructed 
segment. Negotiation of the obstructed ureter is 
often facilitated by using an angle-tip glide cath-
eter and hydrophilic wire. Once the obstructing 
segment is traversed, the wire and catheter are 
coiled in the bladder. 

 At this point, the ureteral stricture may be bal-
loon dilated. Generally there is a good response 
and low morbidity associated with balloon dilata-
tion of ureteral strictures. Dilatation with 6- to 
10-mm diameter balloons for strictures at the 
UPJ and UVJ, and a 4- to 6-mm diameter bal-
loons in the ureter, is recommended. After bal-
loon dilatation, the ureteral segment is supported 
with a ureteral stent. Ureteral balloon dilatation 
supported with stent placement may be repeated 
two or three times before abandoning it as a pri-
mary therapy. 

 The procedure is continued with stent place-
ment over the stiff guidewire. For nephroureteral 
stent, the stent is advanced so that 5–8 cm of dis-
tal stent is within the bladder and the nephros-
tomy loop is within the renal pelvis (Fig.  22.11 ). 

The nephrostomy loop is self-formed as the 
guidewire is removed. The tube is allowed to 
drain externally for 12–24 h, after which it can be 
capped to external drainage.

   For double-J stent placement, the stent is loaded 
on a stiffener-pusher device and advanced over 
the stiff guidewire until 5–8 cm of the stent is in the 
bladder (Fig.  22.12 ). As the stiffener and guidewire 

  Fig. 22.11    Nephroureteral stent in place with the proxi-
mal loop in the renal pelvis and the distal loop in the uri-
nary bladder       
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are withdrawn, the  distal pigtail is formed. The 
wire is entirely removed allowing the proximal 
 pigtail to form. The positioning suture is used to 
adjust the position of the proximal pigtail into the 
renal pelvis. The suture is then cut and removed. 
Using the safety wire, a percutaneous nephrostomy 
is left within the proximal collecting system to 
allow temporary external urinary diversion for 
12–24 h. This protective nephrostomy allows any 
clot or debris to drain externally. An antegrade 
nephrostogram is performed prior to subsequent 
removal of the nephrostomy tube. This will ascer-
tain the patency and position of the double-J ure-
teral stent. Removal of the nephrostomy tube 
should be done under fl uoroscopic observation 
over a guidewire to prevent inadvertent dislodg-
ment of the stent.

      Ureteral Calculus Removal 

   Indication 

 Percutaneous removal of symptomatic ureteral 
calculi is best reserved for 1 or 2 stones in a 
dilated distal ureter where the stone is less than 
5–6 mm in size.  

   Technique 

 The approach for placement of a percutaneous 
nephrostomy for calculus removal is the same as 
the conventional or modifi ed techniques; how-
ever, the tract will be subsequently dilated in 
order to except a larger fl exible access sheath. 

  Fig. 22.12    Double-J ureteral stent placement. ( a ) The 
ureteral stent is loaded on the stiffener-pusher device. 
The system is advanced over a superstiff guidewire into 
the bladder. The stent is advanced several centimeters 
into the bladder. The stiffener and guidewire are with-
drawn forming the distal pigtail in the bladder. Removing 
the wire from the stent allows the proximal pigtail to form. 

( b ) The positioning suture is used to adjust the proximal 
pigtail, after which it is cut and removed. The guidewire 
is reintroduced into the renal pelvis via the pusher. A pro-
tective nephrostomy is left in the renal pelvis to prevent 
the stent from being clogged by debris and blood from 
the stent placement manipulations       
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When placed, the fl exible sheath is directed down 
the collecting system. Through the sheath, a bas-
ket snare was used to engage and remove the 
stone (Fig.  22.13 ). A nephrostomy catheter is left 
to external drainage for 24 h to allow the system 
to decompress and the ureteral edema to resolve. 
An antegrade nephrostogram is performed prior 
to removal of the percutaneous nephrostomy 
catheter.

       Percutaneous Nephrolithotomy 

   Indication 

 Percutaneous nephrolithotomy is a multistage 
procedure with the pediatric interventionalist and 
urologist working as a team. The procedure is 
indicated for large stones and staghorn calculi 
which can occur in young adults with spina bifi da 
or metabolic conditions which predisposed to 
stone formation.  

   Technique 

 The procedure is done in an operating room 
environment with ultrasound, C-arm fl uoros-
copy, cystoscopic, and endourologic equipment. 
The patient is placed under general anesthesia. 

The collecting system is accessed through a 
posterior calyx using the conventional or modi-
fi ed technique. In this instance, an upper pole 
calyx access is advantageous. This may neces-
sitate an intercostal approach, which slightly 
increases possible morbidity, so extra care must 
be taken. Once the collecting system is accessed, 
two 0.035-inch stiff guidewires are advanced 
into the bladder; one is a working wire and the 
other is used as a safety wire. In some instances 
the safety wire can be brought out through the 
urethra. 

 The fascial tract is dilated over the working 
wire with infl ation of a 30-French dilating bal-
loon under fl uoroscopy. A 30-French sheath is 
then advanced into the renal collecting system. 
The urologist then advances a fl exible endoscope 
and removes the clot and stone fragments. 
Additional stone fragmentation is accom plished 
with a laser. Following completion of stone 
 fragmentation and removal, a large-caliber neph-
rostomy catheter is left in place for several days. 
A nephrostogram is then repeated to assess for 
contrast extravasations, residual stone fragments, 
and ureteral patency. If residual stone fragments 
are present, the nephrolithotomy procedure can 
be repeated using the existing access and tract. 
If treatment is complete and the upper tract is 
intact and patent, the nephrostomy catheter can 
be removed.   

  Fig. 22.13    Ureteral calculus removal. ( a ) Calculus in the distal left ureter ( arrow ). ( b ) Percutaneous sheath and guide-
wire extending down the ureter. ( c ) Calculus removed with a basket snare       
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   Summary 

 Interventional radiology plays a key role in geni-
tourinary interventions. Treatment of urinoma 
and urine leaks by percutaneous drainage and/or 
diversion facilitates healing in the GU tract. 

 Knowledge of anatomy and use of good tech-
nique and technique modifi cations facilitate the 
successful completion of procedures with few 
complications. Finally, envision and embrace the 
concept that minimally invasive therapy in the gen-
itourinary tract begins with renal access by means 
of percutaneous nephrostomy. Extension of the 
basic technique will allow ureteral intervention. 

  Chapter Summary 

    GU Interventions  
  Preprocedure Workup
•    General anesthesia or sedation  
•   PT, PTT, INR, platelets  
•   Group and hold  
•   Prophylactic antibiotics      

   Perinephric Fluid Drainage  
  Indications
•    Large collection  
•   Persistent leak  
•   Fever/sepsis  
•   Renal fragmentation      

   Percutaneous Nephrostomy  
  Indications
•    Obstruction

 –    UPJ  
 –   UVJ  
 –   Post pyeloplasty  
 –   Posterior urethral valves  
 –   Primary obstructive megaureter     

•   Complex urinary infection     
  Equipment—conventional Technique
•    Micropuncture set  
•   Stiff hydrophilic wire  

•   Serial dilators  
•   Pigtail catheter—8–12 Fr.  
•   Drainage bag  
•   Dressing     
  Equipment—modifi ed technique
•    18–19-gauge vascular needle  
•   0.035″ stiff guidewire  
•   6-Fr. hydrophilic catheter with small locking 

pigtail     
  Complications
•    Sepsis  
•   Shock  
•   Vascular injury  
•   Bowel transgression  
•   Pneumothorax, hydrothorax, hemothorax      

   Tips/Pearls  
   1.    Kidneys in younger patients can be quite 

mobile. Stabilizing the kidney by applying 
gentle pressure from the abdomen may make 
renal puncture and manipulation easier.   

   2.    Trocar technique can be considered in mas-
sively distended systems.   

   3.    “Body fl ossing” (externalizing a nephrostomy 
wire through the urethra and fi xating both 
ends) can be used to stabilize the wire to allow 
passage of a balloon or catheter in diffi cult 
situations.    

   Ureteral Stenting  
  Indications
•    UPJ obstruction  
•   UVJ stenosis  
•   Ureteral calculus  
•   Ureteral transection     
  Equipment
•    Nephroureteral stents (or other modifi ed 

catheters)  
•   Double-J stents—4–6 Fr., variable lengths  
•   Percutaneous nephrostomy access equipment 

as listed above  
•   0.035″ stiff wire  
•   Angled glide catheter, hydrophilic wire  
•   Balloons—6–10 mm  
•   Pigtail catheter      
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   Ureteral Calculus Removal  
  Indications
•    1 or 2 calculi  
•   5–6 mm in size     
  Equipment
•    Percutaneous nephrostomy access equipment 

as listed above  
•   Dilators  
•   Flexible sheath  
•   Basket snare  
•   Pigtail catheter      

   Percutaneous Nephrolithotomy  
  Indications
•    Large stones, staghorn calculi     
  Equipment
•    Percutaneous nephrostomy access equipment 

as listed above  
•   Fascial dilators  
•   30-Fr. dilating balloon  
•   Surgical equipment

 –    Flexible endoscope  
 –   Laser, etc.     

•   Large-caliber nephrostomy catheter            
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Introduction

Musculoskeletal interventions are composed of a 
large variety of procedures in bone and soft tis-
sue. The most common procedures, biopsy and 
aspiration/drainage, were discussed in Chaps. 16 
and 17, respectively. As such, this chapter will 
focus on selected procedures: osteoid osteoma 
and aneurysmal bone cyst (ABC) treatment and 
injection of corticosteroids and botulinum toxin 
(BTX). The section covering BTX will include 
both muscle and salivary gland injections.

Osteoid Osteoma

Background Information

Osteoid osteoma (OO) is a relatively common 
benign bone tumor measuring less than 1.5 cm in 
size. The lesion consists of both unmineralized 

osteoid and mineralized bone with loose 
 fibrovascular tissue [1, 2]. A rim of large osteo-
blasts and a few scattered osteoclasts are noted 
histologically.

These vascular lesions produce high levels of 
prostacyclin and prostaglandin that is thought to 
sensitize the highly innervated tissue causing sig-
nificant pain. The classic presentation is pain that 
is responsive to NSAID treatment in most patients 
[3]. Pain causes patients to wake during the night 
and can result in withdrawal from physical and 
social activities. Occasionally, gait changes lead 
to pain in secondary locations.

Males between 10 and 35 years are most com-
monly affected, but OO has been reported in 
patients as young as 7 months [4]. Any bone can 
be involved with the femur, digits, and spine 
being the most common. Lesions arise from cor-
tical, medullary, or subperiosteal locations.

The typical radiographic appearance is a small 
lytic focus with a central sclerotic nidus often 
associated with sclerosis of the surrounding bone 
[5]. On CT, a sclerotic central nidus with 
hypodense rim is the most common appearance 
(Fig. 23.1). MRI is very sensitive to bone marrow 
changes that could result in the misdiagnosis of 
an aggressive lesion [6]. 3D subtraction and 
dynamic contrast enhancement analysis may be 
helpful for identification in problematic cases 
[7–9].

A Brodie’s abscess can mimic an osteoid oste-
oma. Misdiagnosis can lead to inadvertent treat-
ment and procedural complications [10].
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When a patient presents with a classic clinical 
history and stereotypical imaging findings, treat-
ment can proceed in the absence of biopsy confir-
mation [11, 12]. When the clinical history or the 
imaging characteristics are in any way equivocal, 
a biopsy should be performed. Some operators 
routinely biopsy all lesions [13].

Osteoid osteomas spontaneously resolve over 
time but it can take several years [14–16]. 
Treatment options include conservative manage-
ment, surgical resection or curettage, CT-guided 
resection (Fig. 23.2), and thermal ablation.

At the current time, thermal ablation of oste-
oid osteoma is the most common treatment 
approach. Heat applied to living cells results in 
cell damage or death dependent upon the tem-

perature and the treatment time [17, 18]. 
Thermal therapy is most often performed using 
radiofrequency ablation (RFA) devices, but 
laser ablation has also been described [19–26]. 
There are single reports regarding treatment 
with coblation [27] and high-intensity focused 
ultrasound [28].

Indications/Contraindications

The most common indication for treatment is 
pain that is not responsive to NSAIDs. However, 
many families wish to undergo treatment to 
definitively treat a lesion and/or stop dependence 
on medication.

Fig. 23.1 Varying appearance of osteoid osteoma. OO 
tends to appear as a lytic focus with a central calcified 
nidus but the appearance varies. (a) Cortical, no sclerosis; 
(b) cortical, circumferential sclerosis; (c) cortical, asym-
metric sclerosis; (d) biopsy-proven cortical OO with min-
imal lucency; (e) corticomedullary, circumferential 

sclerosis; (f) corticomedullary, asymmetric sclerosis; (g) 
medullary, no sclerosis; (h) medullary, circumferential 
sclerosis; (i) medullary, asymmetric sclerosis; (j) multifo-
cal corticomedullary and medullary; (k) multifocal with 
two medullary foci (a third focus was present but not 
shown)
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Contraindications include the inability to 
create a tract that maintains an adequate dis-
tance from vital structures such as nerves, arter-
ies, and skin. A distance of >1 cm is desirable 
[13, 29, 30].

Equipment

Imaging
While fluoroscopy can be used to localize an OO, 
cross-sectional imaging provides more accurate 
information on the extent and shape of the lesion 
to aid in planning and localization. CT is cur-
rently used for initial assessment and localization 
of the lesion although MR guidance has been 
described [25, 26].

RFA
Application of radiofrequency energy results in 
frictional tissue heating. There are numerous 
radiofrequency devices on the market with vary-
ing monitoring approaches that include measur-
ing resistance or temperature. For OO treatment, 
single-tine electrodes are often used, but a mini-
mally deployed umbrella-shaped device can also 
be utilized. It is important to know the size and 
shape of the active heating zone of the specific 
device being used in order to create a treatment 

plan and assure safety of surrounding structures. 
The pattern of heat distribution tends to be ovoid 
for RFA.

Traditionally, monopolar devices have been 
used. They require grounding pads to complete 
the electrical circuit and provide heating. Proper 
placement of the pads (over muscle and without 
contact between pads) can be quite difficult in 
small children. Bipolar RFA devices that do not 
require the use of grounding pads have been 
introduced in recent years.

Laser
A diode laser can be used to perform thermal 
ablation of bone. Laser tuned to ~810 nm interact 
with hemoglobin to create heat. The heat is gen-
erated as a point source from the fiber tip. Laser 
systems are used to supply low power (2 W) set-
ting in continuous mode. The total energy depos-
ited determines the size of the area treated.

Bone Access
A standard bone access needle or a company- 
specific coaxial needle is used for access. Some 
needles are insulated to decrease heat transmis-
sion. For RFA the access needle is approximately 
11–14 gauge. Laser requires smaller 14–18 gauge 
needles. Bone biopsy needles are used when 
required.

Fig. 23.2 CT-guided excision. (a) Axial CT showing OO 
of the femoral neck. (b) A k-wire traverses the OO. (c) 
Residual tract after removal of a bone core. A second pass 

was used to remove the residual nidus. A k-wire is not 
necessary for OO excision; a large coring needle can be 
used instead
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Preprocedure Workup

The patient’s imaging should be reviewed and 
further studies ordered if indicated. Blood work 
is not necessary in otherwise healthy patients.

A clinic visit is arranged to review the patient’s 
clinical history, discuss the treatment options 
(including conservative treatment), and obtain 
consent.

A combined approach with orthopedic surgery 
may be beneficial in patients with extremely thick, 
sclerotic overlying bone. An orthopedic bone drill 
can provide a large access route through the bone 
with minimal effort. Some access sets (Laurane, 
Bonopty) come with a manual drill that may also 
be helpful in this situation.

Procedure Technique

Treatment of OO causes significant pain so ther-
mal ablation is performed under general anesthe-
sia (even in adults). It is common to see an 

increase in heart rate and blood pressure in fully 
anesthetized patients when the nidus is accessed 
[29, 31]. Several procedural failures have been 
reported when ablation was attempted with seda-
tion alone.

Antibiotic prophylaxis is used by some groups 
[12] but is not routinely administered.

Grounding pads are placed when necessary. 
The patient is positioned to allow access to the 
lesion keeping gantry size, instrumentation, and 
access during CT fluoroscopy in mind. CT is 
used to localize the lesion, mark the entry site, 
and plan the procedure.

It is essential to assure an approach that will 
minimize any potential risk of thermal injury to 
vital structures such as nerves, arteries, and skin; 
a distance of >1 cm should be sought [13, 29, 30]. 
When performing vertebral ablations, the perive-
nous plexus and cerebrospinal fluid can act as a 
heat sink. Thermal ablation in lesions with intact 
cortex is thought to be safe [32, 33] (Fig. 23.3) 
although risk of neural injury increases when 
using an RFA device with a 2 cm active zone [34]. 

Fig. 23.3 Vertebral osteoid osteoma. (a–c) Axial, sagittal, 
and coronal images of OO of left L3 pars interarticularis 
and superior articular process. Intact cortex over the neural 
foramen protected against nerve injury. Some articular/car-
tilage damage was felt to be likely due to the lack of cortex 
in the area of the facet joint with thermal ablation, but the 
risk with surgical revision was felt to be greater. Laser abla-

tion was undertaken without complication. (d–f) OO of 
right L1 pedicle (white arrowheads). The lesion abuts the 
dural sac and is within 2 mm of the exiting nerve. The lack 
of cortex medially raised significant concern of thermal 
injury to the L1 nerve. The patient’s family was given the 
option of ablation with saline infusion and temperature 
monitoring but declined intervention
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When performing ablations in risky areas, the 
thermal protocol can be modified (less time, 
lower temperature, lower energy deposition) to 
improve safety.

In areas where heat spread could result in 
damage to surrounding structures, direct temper-
ature monitoring with a thermocouple or injec-
tion of fluid or gas to act as a thermal barrier or 
heat sink should be considered. Fluid can be 
injected to protect joints, overlying subcutaneous 
tissues, or nearby vital structures (Fig. 23.4). 
Saline is not recommended when using RFA due 
to the potential to facilitate the RF signal due to 
the electrolyte content. In the spine, injection of 
saline, dextrose, contrast, or CO2 is used to pro-
vide protection in high-risk areas [35].

The area is prepped and draped. Fluoroscopy, 
CT, and/or CT fluoroscopy is used to guide insertion 
of the coaxial needle. A biopsy is performed when 
necessary. The RFA probe is then inserted and heat-
ing is commenced. If the coaxial needle is not insu-
lated, it is pulled back over the RFA probe to 
decrease the chance of a tract/skin burn. The lesion 
is treated in accordance with the  manufacturer’s 
instructions. Reported protocols vary with most in 
the range of 85–95 C × 4–8 min [12, 29].

There are a few differences when performing 
laser ablation. Prior to insertion of the coaxial 
bone access needle, the laser fiber is inserted and 
marked to show when 5 mm projects beyond the 
end of the coaxial needle (Fig. 23.5). Some oper-
ators use a second, smaller (18 gauge) needle to 

Fig. 23.4 Dextrose heat sink for RFA. (a, b) Axial and 
coronal CT demonstrate an OO adjacent to the femoral 
head. (c) Due to the location, a transcortical route along 
the femoral neck (to avoid entering the joint space) was 
not possible. (d) To minimize local heat damage to the 

joint capsule and cartilage, chilled dextrose was injected 
into the joint under ultrasound guidance. White arrow-
heads indicate the needle path. Yellow arrowheads outline 
dextrose beginning to distend the joint capsule
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protect the laser fiber during insertion [24]. The 
laser fiber tip is charred in a small sample of the 
patient’s blood. In distinction to RFA, charring 
helps propagate laser energy. A biopsy sample is 
obtained to provide a path into the center of the 
lesion (so that the fragile glass fiber does not 
break during insertion). The generator is set to 
provide a power of 2 W in continuous mode and 
is activated for a specific time based on the total 

energy deposition desired to treat the lesion. 
Higher energy deposition results in a larger area 
(up to 1.6 cm) of ablation up to a maximum of 
approximately 1,000–1,200 J. When performing 
laser ablation in an area where there is the poten-
tial to damage surrounding structures, the desired 
power administered can be determined by the 
formula: (nidus size in mm × 100 J) + 200 J [24]. 
As the heat originates only from the tip, the fiber 

Fig. 23.5 Laser ablation. (a) The laser fiber (blue) is mea-
sured to assure that the tip projects 5 mm beyond the edge 
of the coaxial needle. In order to prevent a skin burn in case 

of heat transmission along the uninsulated coaxial needle, 
(b) saline and local anesthetic were used to “tent” the tissue 
overlying the tibia, and (c) ice was applied at the surface
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is placed centrally in the lesion. An ice pack is 
placed on the skin to protect against burns of the 
skin and tract from potential heat conduction 
through the uninsulated needle. For large lesions, 
the use of a beam splitter allows for simultaneous 
treatment of up to four sites.

Depending on the heat distribution character-
istics of the modality used, complete treatment of 
larger lesions (>1 cm in any dimension) may 
require ablation in multiple locations. A report by 
Vanderschueren demonstrated that performing 
more than 1 burn cycle was the best predictor of 
successful RFA treatment, independent of lesion 
size [36].

Postprocedure Care

Immediately following the procedure, supportive 
care and analgesia is provided. An NSAID such 
as ketorolac will help decrease immediate post-
procedure pain.

Following thermal ablation, some patients 
notice a change in the nature and/or intensity 
of pain immediately. In others, it can take 
10–12 days.

Weight bearing is determined by the location 
of the intervention and the size and depth of the 
needle hole. For most patients with a low fracture 
risk, weight bearing as tolerated with no high- 
intensity exercise or contact sports for 4–6 weeks 
is an acceptable approach. In comparison, a 
patient who underwent an intervention in the 
intertrochanteric area with a long intraosseous 
pathway may require crutches with no weight 
bearing allowed for 6 weeks.

Informed discharge is performed. Signs and 
symptoms that would necessitate emergency 
treatment and a list of emergency contact num-
bers are discussed with the patient and their fam-
ily. Ideally, a patient information sheet is given to 
the family.

Complications

Thermal, infectious, or lesion-related complica-
tions can occur.

Nearby structures such as arteries and nerves 
can be damaged during the heating process. 
Tracking of heat along the probe or guide needle 
could result in a burn to the needle tract or the 
skin [37]. Formation of a draining fistula has 
been reported following treatment of a tibial 
lesion [29].

Infectious complications include osteomyeli-
tis, septic arthritis, and cellulitis.

Fracture can subsequently occur at the access 
site. The needle hole creates a riser concentrating 
stress in the area of the defect increasing the 
potential for fracture.

Incomplete or partial treatment can occur in 
approximately 10 % of patients necessitating a 
second treatment. Late recurrence of OO has 
been reported.

Follow-up

The patient is reassessed in the interventional 
radiology clinic 2 weeks following the proce-
dure. If the patient has residual pain, a second 
procedure is booked.

There are no specific recommendations for 
imaging follow-up. While regular imaging can be 
performed to monitor the change in appearance 
of the OO, a change in the patient’s clinical status 
will provide an indication that repeat imaging 
should be undertaken.

Aneurysmal Bone Cyst

ABCs are benign multiloculated, cystic, expans-
ile bone neoplasms that are locally aggressive 
[38–42]. Histologically, ABCs contain a fibrop-
roliferative mesenchymal stroma with giant cell-
like osteoclasts and vascular spaces [42]. The 
vascular spaces do not have an epithelial lining. 
The lytic lesions demonstrate a “soap bubble” 
appearance on plain films and commonly demon-
strate fluid-fluid levels on CT and MRI. A rare 
solid variant exists. ABCs can occur in any bone 
but are most commonly seen in the femur, tibia, 
spine, and pelvis [43].
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Telangiectatic osteosarcoma has a similar 
appearance to ABC creating a controversy sur-
rounding the need for biopsy prior to treatment. 
Some authors feel that biopsy is absolutely essen-
tial to exclude telangiectatic osteosarcoma and 
will postpone treatment for several months [44–
46]. Others perform biopsy at the time of treat-
ment as long as no atypical or aggressive imaging 
or clinical findings are present [42, 47–50]. Both 
surgical and percutaneous biopsies have been 
advocated [45, 47, 49].

The pathogenesis of ABC has been controver-
sial. Recently it was recognized as a clonal neo-
plasm driven by upregulation of the USP6 
oncogene [38–41]. Historical hypotheses for for-
mation include posttraumatic reaction, intraosse-
ous vascular anomaly, and chromosomal 
abnormalities [45].

Several methods of categorization exist. If the 
ABC is an isolated finding, it is classified as pri-
mary. Secondary ABCs are associated with other 
osseous abnormalities (such as a giant cell tumor, 
chondroblastoma, fibrous dysplasia, osteoblas-
toma, and osteosarcoma).

A recent paper suggests classifying ABCs as 
lymphatic or venous anomalies based on the 
appearance of aspirated fluid contents. This dif-
ferentiation predicts the likelihood of venous 
drainage (and consequent risk of sclerotherapy). 
Lambot-Juhan et al. demonstrated that venous 
drainage correlated with the appearance of fluid 
aspirated from ABCs. Cysts with sanguinous 
fluid all demonstrated venous drainage where 
only 1/7 did when the fluid was clear. Fluid that 
was intermediate in appearance showed venous 
drainage in 3 of 7 cases [46].

In addition to venous and lymphatic compo-
nents, ABCs demonstrate variable arterial perfu-
sion. Treatment-related deaths have been reported 
secondary to intraoperative bleeding in one 
patient [51] and retrograde arterial embolization 
of Ethibloc following treatment of a cervical 
ABC in another [52].

The lack of consensus in the literature makes 
specific treatment recommendations difficult. 
Surgical methods such as curettage or resection 
are associated with a recurrence rate as high as 

71 % [42, 53]. Cryotherapy and radionuclide 
treatment have also been described [54, 55]. 
Interventional radiologists are involved when 
embolization or percutaneous sclerotherapy is 
undertaken.

Indications/Contraindications

ABC are routinely treated to stop potential expan-
sion and instability of the involved osseous seg-
ment. The need for treatment is more urgent 
when there is a risk of fracture or the lesion 
threatens a growth plate or joint space. 
Nonaggressive lesions that do not threaten sur-
rounding structures can be (closely) followed as 
spontaneous regression can occur [56–58].

There are no absolute contraindications to 
ABC treatment. Arterial embolization may not be 
possible in hypovascular lesions. Sclerosing 
agents can escape through draining veins result-
ing in systemic complications. When dealing 
with vertebral ABCs, some favor embolization as 
a primary treatment method [59, 60], and others 
specify that Ethibloc is contraindicated [45, 50].

Embolization

Embolization has been used both as a primary 
treatment method and as an adjunct to decrease 
blood loss prior to surgical intervention [59, 61, 
62]. Arterial supply is variable with hypervascu-
lar, hypovascular, and combined perfusion pat-
terns described.

Glue, polyvinyl alcohol (PVA) particles, and 
Gelfoam have been used as embolic agents. 
When the risks of nontarget embolization are low 
and deep penetration into small arteries is desired, 
150–250 μm particles have been used. In the spi-
nal area, where the risks of nontarget emboliza-
tion are high, 250–350 μm particles have been 
used. Coils are not recommended in case repeat 
embolization is required.

When successful, symptoms resolved in days 
to weeks and ossification occurred within 2–4 
months [59].
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Sclerotherapy

Many interventional radiologists feel that sclero-
therapy is the method of treatment of choice for 
most ABCs.

Numerous sclerosing agents have been used in 
the treatment of ABCs. The most common agents 
are described below.

Regardless of the agent used, sclerotherapy 
follows the basic approach described below. See 
Fig. 23.6.
 1. General anesthesia. Due to the pain associated 

with bone access and sclerosis, ABC treatment 
is performed under general anesthesia.

 2. Access lesion. Depending on the cortical 
thickness, a 12–16 gauge needle is introduced 
into the lesion using ultrasound, CT, or fluo-
roscopy. Biopsy specimens can be obtained at 
this time.

 3. Aspirate lesional fluid. The fluid is aspirated 
to assess appearance and volume.

 4. Inject contrast to determine volume, distribu-
tion pattern within locules, and the presence 
of venous drainage. Aspirate contrast when 
finished.

 5. Place secondary needles (if necessary). 
Multiple needles can be placed to maximize 
likelihood of treating entire lesion and/or to 
allow drainage of sclerosant.

(a) Success treatment is dependent on scle-
rosant reaching every locule. This may be 
achieved by placement of multiple nee-
dles or repositioning of one needle in 
order to access all areas of the lesion.

(b) A second needle is placed to allow drain-
age, decompression and a decrease in 
intralesional pressure (decreasing the risk 
of venous escape or extravasation of 
sclerosant).

  6.  Apply tourniquet. Hand-tied tourniquets or 
orthopedic tourniquet machines can be used. 
The tourniquet pressure should not exceed 
systolic in order to maintain arterial inflow. 
A repeat contrast study is performed to 
assess for any change in vascular drainage. 
The tourniquets are left in place for approxi-
mately 10 min after sclerosis is finished to 
decrease risk of escape by allowing time for 
thrombosis and drainage from secondary 
needles to occur.

  7.  Inject sclerosant. The sclerosant is injected 
slowly taking care that it fills the cavity 
gradually and does not leak out. The effluent 
from the other needle(s) is monitored for 
appearance. Depending on the location and 
sclerosant, the injection may be monitored 
during administration with ultrasound 
 (especially doxycycline foam injection into 

Fig. 23.6 Sclerosis of aneurysmal bone cyst. (a) Right 
tibial ABC prior to injection of sclerosing agent. (b) 
Lateral image demonstrates locules filled with doxycy-
cline foam (that includes contrast). The tourniquet (seen 

at the top of the image) has been released. (c) CT imaging 
identified several posterior locules that have not yet been 
filled with sclerosant
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solid tumor nodules), fluoroscopy, or CT. 
Cross-sectional imaging may be helpful in 
assuring that all locules are treated.

  8.  Remove needles. Consider methods to 
decrease the risk of leakage of sclerosant as 
described below.

  9.  Remove tourniquet. The tourniquet can be 
removed 5–10 min following completion of 
sclerosant administration. If the chance of 
venous escape of sclerosant is high, systemic 
effects can be seen with ethanol as a scle-
rosant. Gradually decreasing the pressure in 
an orthopedic tourniquet (e.g., 10 mmHg 
every 1–2 min) allows time for thrombosis 
and controlled release of any nontarget 
embolic.

 10.  Follow-up imaging. The ABC is followed 
with serial radiographs (often at 1, 3, 6, and 
12 months) and cross-sectional imaging 
(either MRI or CT).

 11.  Repeat treatment as necessary. Repeat pro-
cedures may be necessary to completely 
treat locules not previously accessed or large 
or poorly responding lesions.

Doxycycline Foam +/− Tricalcium 
Phosphate Bone Graft
Doxycycline is tetracycline antibiotic that is effec-
tive as a direct tumor ablation agent. Tetracyclines 
have been associated with photosensitization and 
teeth yellowing in pediatric patients. Mild tooth 
discoloration from doxycycline has been seen 
rarely following large IV doses in children under 8 
years of age. Discoloration can be treated with 
cleaning or bleaching. Photosensitivity has not 
been reported following doxycycline sclerosis in 
ABCs or lymphatic malformations.

The maximum dose for sclerosis has not been 
determined. A maximum dose of 300–500 mg in 
neonates and 1,000–1,200 mg in older patients 
has been suggested.

Doxycycline foam has been successfully used 
in the treatment of ABC [42]. Doxycycline injec-
tion treatment of ABCs can be routinely per-
formed on an outpatient basis. The use of a bone 
graft substitute can increase effectiveness in 
larger locules.

Protein foam delays release of doxycycline for 
a longer antineoplastic effect, creates greater vis-
cosity than a simple liquid embolic agent, and 
provides more contact between the doxycycline 
and cyst walls (tumoral elements).

To create 10 mg/mL doxycycline foam:
 1. Reconstitute doxycycline in normal saline or 

0.5 % lidocaine with epinephrine (1:200,000) 
to create a 40 mg/mL solution.

 2. Combine:
(a) 5 mL of prepared doxycycline solution 

(200 mg)
(b) 5 mL of 25 % human serum albumin  

(if operators desire positive contrast in the 
foam, substitute 2.5 mL of water soluble 
contrast medium and 2.5 mL human 
serum albumin)

(c) 10 mL of air
 3. The mixture is then agitated with 2 syringes 

and a 3-way stopcock (at least 30 times) to 
produce the foam. Repeat agitation may be 
required due to settling throughout the 
procedure.
The foam is injected to fill the cyst or until the 

solution comes out through the other needle. 
Ultrasound can be used to inject the foam into 
solid ABC components.

When larger locules are present, a tricalcium 
phosphate bone graft substitute with doxycycline 
is subsequently used.

To create a Vitoss Flow (tricalcium phosphate) 
slurry:
 1. Break 5 mL block of Vitoss Foam Flow 

(Stryker Orthobiologics, Malvern, USA) into 
1–2 mm fragments.

 2. Mix fragments with:
(a) 1 mL of contrast
(b) 4 mL of doxycycline/albumin solution 

(20 mg/mL)
 3. After sitting for at least a minute, pass the 

mixture back and forth between 2 syringes 
through a 3-way stopcock.
Cavities are filled to between 50 and 70 % of 

their volume leaving the second needle in place to 
clear the indwelling original doxycycline mixture. 
To minimize bleeding, Gelfoam pledgets can be 
inserted through needles as they are withdrawn.
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Follow-up imaging with plain film is performed 
at 10-week intervals prior to subsequent treat-
ment. Treatment is repeated every 12 weeks until 
full new bone healing and elimination of the 
 cystic spaces or until residual lucent spaces show 
no evidence of further growth. Due to the slow 
growth of the ABC neoplastic cells, surveillance 
is maintained annually for 5 years in order to 
detect residual foci of ABC expansion that 
require focused percutaneous treatment.

Ethanol
The use of alcohol as a sclerosant for ABC was 
recently described [46]. Alcohol is a powerful 
sclerosant with a low viscosity that can cause sig-
nificant morbidity or even mortality [63]. As a 
general rule, alcohol should only be administered 
by experienced operators utilizing meticulous 
technique.

When administering alcohol, use of the dou-
ble (multiple) needle access technique is essen-
tial. Administering ethanol through one needle 
while simultaneously draining through another 
allows a greater volume of sclerosant to be deliv-
ered and decreases the intralesional pressure, 
making escape into venous structures less likely.

After accessing the lesion, anhydrous ethanol 
(96–98 % after exposure to air) is instilled to a 
maximum dose of 1 mL/kg. The tourniquet is 
deflated after 10 min. The patient is monitored in 
the hospital for 24 h.

Ethibloc
Ethibloc is a sclerosing agent available in Europe 
and Australia that includes alcohol, radiopaque 
contrast, and zein, a maize-derived protein [48–
50, 64, 65]. When exposed to fluid, the viscous 
emulsion solidifies and the alcohol is slowly 
released.

When used for treatment of ABCs, it is 
injected through large-bore needles (14–18 
gauge). A second needle is often used to allow 
evacuation of cyst contents or provide access to 
isolated locules. Depending on lesion size, up to 
7.5 mL is injected. Some groups mix the 7.5 mL 
syringe of Ethibloc with an additional 1–5 mL of 
pure alcohol [48, 49]. Injections can be repeated 

every 1–2 months for large lesions that cannot be 
entirely treated with one procedure. The injection 
can be actively monitored with fluoroscopy or 
CT. Histacryl can be used to embolize the tract 
[66] or pressure is held for 10 min at the site [49].

Plain films and CT are obtained after the pro-
cedure. Patients are followed with plain films at 
1, 3, 6, and 12 months and either CT or MRI at 6 
and 12 months.

Local complications of Ethibloc injection 
include inflammation, sterile abscess formation, 
and soft tissue extrusion.

Pulmonary embolism and a high complication 
rate resulted in one group abandoning the use of 
Ethibloc [66]. However, the pulmonary embo-
lism occurred following injection of 12 mL of 
Ethibloc into a pelvic ABC, 60 % more than the 
maximum volume of 7.5 mL recommended by 
the manufacturer [49].

As mentioned previously, death has been 
reported secondary to retrograde arterial emboli-
zation during treatment of a C2 ABC [52].

Injections

Steroid Injections

Background
Corticosteroids are a family of powerful anti- 
inflammatory medications. Corticosteroid injec-
tions are used in the treatment of juvenile 
arthritides and other inflammatory conditions. 
Injections can be performed to treat joints, ten-
don sheaths, bursae, neuromas, and ganglia or as 
a part of an invasive pain procedure, such as a 
celiac plexus block. This section will focus on 
joint and tendon injections.

In arthritis, steroid injections are often under-
taken when oral anti-inflammatory medication 
does not provide adequate symptom relief.

Accurate delivery of corticosteroid into the 
affected area results in better symptom relief 
[67]. The accuracy of joint localization using 
clinical landmarks is as low as 50 %. Image guid-
ance increases the accuracy of injection [67, 68]. 
This may be particularly helpful for complex or 
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difficult-to-access joints such as the subtalar, 
 sacroiliac, shoulder, and temporomandibular. 
While ultrasound is the most commonly used  
guidance modality, fluoroscopy, arthrography, CT, 
and MRI localization have all been described.

Contraindications
Contraindications to steroid administration 
include infectious arthritis, sepsis, joint instabil-
ity, severe periarticular osteoporosis, and coagu-
lopathy [69].

Equipment
Corticosteroids: Numerous corticosteroid prepa-
rations are commercially available. The dose, 
concentration, and duration vary by product. 
Steroids can be either soluble or insoluble. 
Insoluble corticosteroids form microcrystalline 
structures that vary in size and aggregation char-
acteristics [70]. Soluble steroids, such as dexa-
methasone sodium phosphate, provide a rapid 
onset but a shorter duration in comparison with 
insoluble corticosteroids [69].

Preprocedure Workup
Patients are referred after assessment by a rheu-
matologist. Patients may require reassessment on 
the day of the procedure if there has been a recent 
change in their symptoms.

Review of the pertinent imaging is helpful. 
MRI can be used to identify the exact location of 
inflammation in areas of complex anatomy where 
localization through clinical examination is dif-
ficult (such as the feet).

Injections can be performed with local anes-
thesia only, sedation, or general anesthesia. The 
choice depends on the location and number of 
joints being injected and patient need.

No specific blood work or patient preparation 
is required.

Procedure
The patient is positioned to allow access to the 
targeted area(s). The appropriate imaging modal-
ity is used to introduce a small needle into the 
area to be injected. Depending on the anatomy of 
the joint, ultrasound, fluoroscopy, or CT are com-
monly used for access. Arthrography can be per-

formed to assure an intra-articular location if 
desired (Fig. 23.7). When a joint effusion is pres-
ent, fluid is collected to perform a cell count.

No scientifically determined dose parameters 
exist. As such, the dose is usually determined 
based on the product being used and institutional 
and personal preference by the rheumatologist 
and radiologist. Young et al. [71] recently pro-
posed a dose protocol for triamcinolone aceton-
ide and triamcinolone hexacetonide that is based 
on the patient age and the joint to be injected 
(Table 23.1). The doses in this study were calcu-
lated based on typical adult doses and scaled 
according to the body surface area based on 
weight/age. It should be noted that the radiologist 
may choose to decrease the prescribed dose/vol-
ume at the time of injection due to technical or 
anatomic concerns.

Active monitoring during injection assures the 
needle tip is in an appropriate location and the 
steroid is injected into the targeted space/fluid 
without intra-pannus injection or extravasation 
(Fig. 23.8).

The corticosteroid can be mixed with local 
anesthetic or administered on its own and then 
followed by local anesthetic injection based on 
operator or institutional preference. It is thought 
that there may be less chance of leakage of corti-
costeroid into the surrounding tissues when it is 
“pushed in” with local anesthetic. However, 
when injecting a combined mixture, there is no 
need to change syringes leading to better needle 
stability.

Ultrasound examination at the time of proce-
dure is also used to identify enlarged tendon 
sheaths that require injection. The steroid is 
injected into the tendon sheath taking care not to 
inject the tendon itself. Synechiae are sometimes 
identified at the time of injection (Fig. 23.9). 
There are anecdotal reports of attempted disrup-
tion of synechiae with a needle.

When injections are being performed in areas 
where any possibility of arterial embolization 
carries high risk (e.g., spinal injections, espe-
cially transforaminal or intercostal nerve 
blocks), contrast injection with high-quality 
fluoroscopy or DSA should be used to monitor 
the injection [72].
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Postprocedure Care
Patients may experience pain from the injection 
tract, from joint distension, or from the steroid 
itself. The latter is called postinjection or steroid 
flare and is thought to be secondary to the use of 

microcrystalline steroid preparations [69]. These 
causes of pain are self-limited and can be con-
trolled with analgesics such as acetaminophen.

Patients and parents should be informed of 
the signs and symptoms of septic arthritis and 

Fig. 23.7 Arthrography. Arthrography can be used to 
assure the needle is in an intra-articular location prior to 
injection. (a) Fluoroscopy was used to insert needle into 
the lower portion of the sacroiliac joint. (b) Linear con-
trast outlines the SI joint (arrowheads) indicating an 

appropriate intra-articular position. The needle was repo-
sitioned after the initial contrast injection did not flow into 
the joint. CT guidance and arthrography are commonly 
used to access the SI joint. (c) Arthrogram of the posterior 
subtalar joint. (d) Shoulder arthogram
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given clear instructions to immediately contact 
their rheumatologist or the interventional radiol-
ogy call service or go to the emergency room.

Complications
Septic arthritis is a rare but important complica-
tion of joint injections. Due to the potential for 
joint destruction, septic arthritis is a surgical 
emergency and requires lavage in addition to 
intravenous antibiotics.

Pain related to steroid flare is usually self- 
limited, lasting 24–48 h. It tends to be milder in 

severity than the pain associated with septic 
arthritis.

Intra-articular steroid administration has been 
associated with avascular necrosis (AVN) [73, 
74]. However, attributing AVN directly to steroid 
injection is often not possible as it can also be 
caused by arthritis or oral steroid use.

Diabetic patients should be informed that ele-
vation of blood glucose levels can occur several 
days after corticosteroid administration [69].

Leakage of steroid into the soft tissues can 
result in calcification, atrophy, discoloration, and 

Table 23.1 Dose range for triamcinolone joint injections based on age in children

Location Adult 12 years old 8 years old 4 years old

Knee 20–40 15–30 10.6–21.2 7.8–15.6
Hip
Shoulder
Tibiotalar 16–30 12–22.5 8.5–16 6.2–11.7
Elbow 8–20 6–15 4.2–10.6 3.1–7.8
Radiocarpal 8–20 6–15 4.2–10.6 3.1–7.8
Subtalar 8–16 6–12 4.2–8.5 3.1–6.2
Cuboid-cuneiform 8–14 6–10.5 4.2–7.4 3.1–5.5
Talonavicular 8–12 6–9 4.2–6.4 3.1–4.7
Navicular- cuneiform 8–12 6–9 4.2–6.4 3.1–4.7
Mid-cuneiform 8 6 4.2 3.1
Intercarpal 8 6 4.2 3.1
MCP/MTP 6–8 4.5–6 3.2–4.2 2.3–3.1
PIP 4–6 3–4.5 2.1–3.2 1.6–2.3
DIP 2 1.5 1.1 0.8

The doses for use in children were tabulated for triamcinolone hexacetonide and triamcinolone acetonide are based on 
adult doses were suggested in a recent paper [71]. Doses are reported in milligrams. The injection volume will vary 
depending on steroid concentration. MCP metacarpal- phalangeal, MTP metatarsal-phalangeal, PIP proximal interpha-
langeal, DIP distal interphalangeal. Reprinted with permission © Springer 2012

Fig. 23.8 Proper needle positioning. (a) Longitudinal 
ultrasound image shows the tip of a needle (white 
arrowhead) within a fluid-filled tendon sheath. (b) 
Ultrasound monitoring of the injection demonstrates 

corticosteroid flowing appropriately through the tendon 
sheath (yellow arrowheads). Active monitoring allows 
the injection to be halted and the needle repositioned if 
there is a problem
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scar formation (Fig. 23.10). In addition, tendon 
sheath injections carry a risk of tendon rupture. 
Injection of the Achilles tendon [75] is consid-
ered contraindicated by some authors.

Arterial embolization is a rare complication of 
steroid injection (Fig. 23.11) [76]. Blindness, 
stroke, and infarction of the brainstem and spine 
have been reported following corticosteroid 
injection in the spinal area [77–82]. If 
 embolization occurs and treatment is necessary, 
intra- arterial iloprost infusion +/− thrombolysis 

can be considered [83, 84]. Iloprost, a prostacy-
clin analogue, is a potent vasodilator used in the 
treatment of pulmonary hypertension and 
Raynaud’s phenomenon.

Botulinum Toxin Injections

Since the introduction of BOTOX® (Botox) in the 
1980s, numerous approved and off-label uses 
have been developed. In pediatrics, Botox is used 
primarily to treat muscle spasticity and drooling. 
While not technically part of the MSK system, 
salivary Botox injection will be covered in this 
section.

Background Information
The anaerobic bacteria, Clostridium botulinum, 
produce endotoxins responsible for the food- 
borne disease, botulism. The symptoms of botu-
lism include vomiting, diarrhea, and muscle 
paralysis. Potential therapeutic use of BTX was 
suggested by Justinus Kerner in 1817 [85].

The bacteria secrete seven active neurotoxins 
denoted by the letters A–G. Each has a different 
mechanism of action and pharmacokinetic profile. 
Types A, B, C, and F are thought to have potential 
for use in humans [86]. The serotypes approved 

Fig. 23.9 Transverse 
ultrasound image demon-
strates the central tendon 
surrounded by an enlarged, 
fluid-filled tendon sheath 
(labeled). Strands extending 
from the tendon to the edge 
of the tendon sheath (yellow 
arrowheads) are consistent 
with synechiae

Fig. 23.10 Lateral ankle with an area of tissue atrophy 
and discoloration (arrowhead) that developed as a result 
of leakage of corticosteroid after tendon injection
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for clinical use in humans are BTX-A (BOTOX®, 
Allergan Pharmaceuticals, USA; Dysport®, Ipsen 
Limited, UK; and Xeomin®, Merz Pharmaceuticals, 
USA) and BTX-B (Myobloc®, Soltice 
Neurosciences Inc., USA). BTX temporarily 
inhibits release of acetylcholine at neuromuscular 
and neuroglandular junctions. BTX precludes 
presynaptic fusion of vesicles with the axonal 
endplate membrane preventing acetylcholine 
release. BTX-A affects SNAP-25 (synaptosomal-
associated protein), and BTX-B affects VAMP 
(vesicle-associated membrane protein/synapto-
brevin). Other neurotransmitters, such as nitric 
oxide, may be affected by BTX [87].

It is important to note that the available com-
mercial products each have a different potency 
and, as such, doses are not equivalent and cannot 
be directly converted between brands [1]. As 
Botox is by far the most commonly used neuro-
toxin, other formulations of BTX will not be dis-
cussed further in this chapter.

Some authors have attempted to assess dose 
response [88], but clinical trials to determine 
optimal dose of Botox have not been performed. 
As such, doses quoted relate to consensus opin-
ion and those published in previous studies [1].

Table 23.2 outlines a selection of the currently 
approved uses for Botox in countries that have 
published specific prescribing information.

Muscle Injections
Botox is used to improve the quality of life of 
children with spasticity and dystonia, most com-
monly in cerebral palsy [89]. Specific indications 
for use include the desire to improve gait and 
function, relieve pain, reduce the burden of care, 
and delay hip subluxation [1].

At the current time, ultrasound-guided muscle 
injections are most often performed by neurolo-
gists and rehabilitation medicine specialists. 
However, access to high-end imaging equipment 
and anesthesiologists has resulted in interventional 

Fig. 23.11 Arterial corticosteroid embolization. This 
clinical image demonstrates findings consistent with arte-
rial embolization following after the uneventful ultra-
sound-guided injection of a cystic extension of the 
calcaneocuboid joint. Transient mottling of the foot 

appeared in the recovery room but resolved elevation and 
warming. Pain and discoloration recurred the following 
day leading to immediate reassessment and referral to 
plastic surgery. The signs and symptoms resolved over the 
next 7–10 days without intervention
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radiologist becoming increasingly involved at 
some centers.

The decision to inject specific muscles or 
muscle groups is based on the physical findings 
and needs of the patient. The dose used is based 
on patient motor function and risk factors [1]. An 
injection plan is created that outlines the number 
and location of injections and a standardized 
Botox dilution used for each muscle. The plan is 
based on the muscle shape, presynaptic receptor 
density, and amount of diffusion expected. This 
complex decision-making process is beyond the 
scope of this book.

Depending on patient need, the procedure is 
performed with local anesthesia, sedation, or 
general anesthesia. No preprocedure blood work 
is required.

Ultrasound guidance is used to perform the 
injections as outlined in the injection plan. Exact 
targeting is essential as injection into the wrong 
muscle can result in greater muscular imbalance 
and worsening of symptoms (Fig. 23.12). When 
the needle tip is difficult to visualize, a nerve- 
stimulating needle can be used to cause the mus-
cle to contract, ensuring appropriate localization 
of the target muscle (Fig. 23.13).

In muscle, Botox begins taking effect in 2–4 
days with the peak effect taking 1–2 weeks and a 
duration of 3–4 months. Patients are followed by 
their neurologist or rehabilitation medicine 
specialist.

Salivary Gland Injection
Drooling in the neurologically impaired child can 
result in social and emotional difficulties. In cere-
bral palsy, drooling is usually caused by swallow-
ing issues rather than excessive saliva production 
(sialorrhea) [90]. Traditional treatment options 
include diet modification, behavioral therapy, 
surgery (gland excision, tympanic neurectomy, 
diversion, and mechanical ligation/occlusion), 
radiation (historical), and administration of sys-
temic parasympatholytics [91, 92]. In recent 
years, Botox has been used for the treatment of 
drooling in pediatric patients. Botox is not cur-
rently approved for the treatment of drooling/
sialorrhea in any jurisdiction.

BTX-A inhibits production/release of the fluid 
component of saliva by interrupting parasympa-
thetic innervation. Cholinergic receptors are 
responsible for the fluid and electrolyte compo-
nent of saliva. Adrenergic receptors control the 
excretion of proteinaceous and mucinous compo-
nents [87, 93]. It has been theorized that contin-
ued excretion of thick, proteinaceous, intraoral 
saliva better protects the patient’s dentition in 
distinction to surgical intervention where salivary 
ducts are ligated or rerouted.

Numerous studies have been performed in 
both adults [94–98] and children [99–106] using 
Botox. There is a huge variation in the reported 
dose and volume administered in both adults and 
children indicating that there is no scientifically 

Table 23.2 Approved uses (selected) and lower age limits for Botox

Country
Cervical  
dystonia Spasticity

Equinus foot 
deformity Focal spasticity

Sialorrhea 
drooling Hyperhydrosis

USA 16 18 – – X 18
Canada 16 18 2* – X 18
Australia NS – 2** 2** X NS
UK 12 – 2 NS X NS

The countries listed have made specific recommendations for the use of Botox. Compiled October 2012 using country- 
specific package inserts and/or federal health agency recommendations. Please refer to the country’s newest prescribing 
information to assure accuracy as recommendations are updated on an ongoing basis
The numbers reflect the lower approved age limit in years
NS = approved but age not specified or specified as “adults”
– = not included or covered by other recommendations
* = in cerebral palsy patients
** = upper or lower limb spasticity in cerebral palsy patients
X = not approved
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based consensus at this time. In adult patients, 
doses ranged from 2.5 to 450 U per gland. In chil-
dren, doses ranged from 5 to 65 U/gland and 
injection volumes ranged from 0.05 to 2 mL. 
Recent papers use a weight-based approach of 
0.5–1 units/kg/gland and a maximum dose of 
50–100 units in total [106–109].

Reported responses were variable in onset and 
duration [110]. Most patients notice an effect after 
1–2 weeks lasting from several weeks to 7 months. 
In addition, primary nonresponders are found.

Preliminary studies have shown that BTX-B 
can be used for control of salivation [111, 112]. 
BTX-B may offer an alternative for primary non-

responders and those who develop antibodies to 
other botulinum serotypes.

Botox injections can be used as a primary 
treatment method for drooling or following 
failed duct ligation or relocation. Some families 
opt for a trial of Botox treatment prior to mak-
ing a decision to proceed with surgical 
intervention.

In most patients, bilateral parotid and subman-
dibular gland injection is performed leaving the 
sublingual and numerous small glands to produce 
saliva. The parotid and submandibular glands are 
estimated to be responsible for approximately 
75 % of saliva production. For a more targeted 

Fig. 23.12 Botox injection for muscle spasticity. When 
performing muscle injection, accuracy is essential for a 
successful outcome. Injection of the wrong muscle can 
exacerbate symptoms. (a) A 25 gauge needle was intro-

duced into the soleus (arrowheads) in transverse orienta-
tion. (b) Similarly, the gastrocnemius muscle was targeted 
(arrowheads) and injection was monitored with ultra-
sound. GN gastrocnemius, SOL soleus

Fig. 23.13 (a) Ultrasound can be used to guide superfi-
cial muscle injections. The needle (arrowheads) is easily 
seen in the iliopsoas injection. (b) When attempting to 
access the deep, intra-abdominal portion of the psoas, the 
tip is not easily identified with ultrasound. In such cases, 

a nerve stimulator needle is introduced. The ground lead 
(middle of picture) is placed over a distal muscle to com-
plete the electrical circuit. The current is slowly increased 
until muscle movement is identified
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approach, salivary gland scintigraphy can be used 
to identify the source of ongoing salivary produc-
tion in patients following failed surgery.

Preprocedure Workup
Treatment options and risks of injection are dis-
cussed at an IR clinic visit. No specific blood 
work is necessary. An anesthesia consult may be 
necessary for complex patients.

Procedure Technique
Injections can be performed using local anes-
thesia, sedation, or general anesthesia. When 
injected, Botox locally diffuses through tis-
sues. As such, accurate injection technique is 
essential to decrease the risk of regional, non-
target effects.

Botox is reconstituted with normal saline or 
sterile water based on the dose and volume of 
solution desired. For example, to perform injec-
tion of 25 units of Botox in 0.25 mL of solution 
into 4 glands, 1 mL of solution is added to a 100 
unit bottle (100 units/mL). If only 12.5 units in 
0.25 mL were to be injected into each gland, 
2 mL of solution would be added to a 100 unit 
bottle (50 units/mL). The manufacturer recom-
mends gently swirling the liquid to dissolve the 
cryoprecipitate as agitation can denature the 
BTX-A molecule.

Ultrasound is used to identify the target gland. 
A small volume of solution is injected into the 
central portion of gland (Fig. 23.14). If a large 

dose (>25–50 units) or a large volume (>0.5 mL) 
is used, multiple locations can be injected 
(Table 23.3).

Postprocedure
Patients may require acetaminophen for minor 
discomfort. Patients who undergo salivary gland 
injections will occasionally have blood-tinged 
saliva immediately after the procedure.

Informed discharge is performed when the 
patient has recovered from sedation/GA. The 
signs and symptoms that should prompt immedi-
ate emergency contact should be reviewed with 
the patient and/or caregivers.

Fig. 23.14 Salivary gland injection. (a) A needle was 
introduced into the parotid gland parenchyma avoiding the 
nearby facial artery (not shown). (b) A small volume of 

Botox-containing solution is injected. Constant monitoring 
assures the medication is delivered into the central portion 
of the gland without extravasation or unexpected spread

Table 23.3 Commonly reported Botox doses in 
children

Muscle [1]
− 6–24 units/kg

• GFMCS I–IV, no risk factors: 16–20 units/kg;  
max. < 300 units

• GFMCS V, with risk factors: 12–16 units/kg;  
max. <400–600 units

Salivary glands: (parotid, submandibular)
− 4–5 units/kg
− 1–1.25 units/kg/gland
− Maximum total dose 50–100 units
− Maximum dose per site 25–50 units
− Maximum dose per gland 25–50 units

GFMCS gross motor function classification system for 
cerebral palsy. Ranges from “walks without limitations” 
(I) to “transported in manual wheelchair” (V)
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Complications
Complications include those related to local diffu-
sion or distal effects, xerostomia, allergy, antibody 
formation, and death.

Diffusion of Botox into the surrounding soft 
tissues can cause unwanted local effects [113]. 
For example, chewing and swallowing difficul-
ties have been attributed to local diffusion fol-
lowing salivary gland injection. However, it can 
be difficult to attribute minor changes in per-
ceived muscle function as a change in saliva vis-
cosity can change the perception of swallowing.

Distal effects, potentially attributable to Botox 
injection, have been noted. Bloodstream absorption 
is thought to be responsible for identification of the 
botulinum-receptor complex in mouse diaphragm 
after calf injection. Experimental models have 
shown that Botox affects axonal function and can 
be transported in a retrograde transport through 
neurons [114, 115] although this has not been dem-
onstrated clinically. Reported cases of pneumonia 
following Botox administration illustrate the diffi-
culty in determining an exact cause. The pneumo-
nia could be attributed to the patient’s underlying 
neurologic condition, aspiration from drooling/sial-
orrhea, anesthetic administration, or distal Botox 
effect (related to absorption or CNS effects).

Children form antibodies to Botox more  readily 
than adults [116] that can affect efficacy. To mini-
mize risk of antibody formation, it seems prudent 
to use the lowest effective dose possible and repeat 
the injections only after symptoms return.

Death has been reported secondary to a prob-
able anaphylactic reaction in one patient [117].

In 2008, the FDA and Health Canada released 
warnings related to symptoms of botulism 
(requiring insertion of feeding tubes and ventila-
tor support) and death in patients after receiving 
Botox or Myobloc®. Affected pediatric patients 
were less than 16 years old and received high 
doses (up to 32 units/kg Botox) for muscle injec-
tions. FDA recommendations include that 
 physicians understand potency determinations of 
the products they administer, be alert for side 
effects (as early as one day up to several weeks), 
provide patients and caregivers with information 
regarding signs and symptoms of side effects, 
and discuss the need for immediate medical 
attention when there is any muscle weakness, 

 difficulty swallowing, or respiratory issues [118]. 
In addition, off-label use should be disclosed 
 during the consent process.

Chapter Summary

Osteoid Osteoma
Background
• Benign tumor
• Males, 10–35 years old
• Any bone
• <1.5 cm
• Central calcified nidus in lucent area often 

with surrounding sclerosis
 – Brodie’s abscess main differential 

diagnosis
• Classic history: pain, relieved by NSAIDs, 

waking at night
• Conservative treatment, surgical excision/

curettage, CT-guided excision, and thermal 
ablation possible

Indications
• Inadequate pain control
• Desire to definitively treat
Contraindications
• Inability to create safe access route

 – >1 cm from vital structures ideally
Equipment
• CT guidance commonly used
• Radiofrequency ablation

 – Various devices and probes available
 – Grounding pads required with monopolar 

machines
• Laser

 – 810 nm laser
• Bone access/biopsy needles

 – 11–18 gauge depending on system used
Preprocedure Workup
• Review imaging.
• IR clinic visit.
• Blood work not necessary unless high-risk 

area or patient.
Procedure Technique
• General anesthesia.
• Not all steps below are used for all procedures. 

Exact procedural approach depends on method 
of thermal ablation, system used, and location- 
specific need.
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 – Place grounding pads.
 – Position to allow appropriate access in CT 

gantry.
 – Place access needle.
 – Place monitoring device and/or administer 

thermal protection (fluid, CO2).
 – Perform biopsy.
 – Insert RFA probe or laser fiber.
 – Pull back uninsulated coaxial needle.
 – Heat.

∘	 RFA: 85–95 C × 4–8 min.
∘	 Laser: 1,000–1,200 J or (lesion diameter 

(mm) × 100) + 200 J.
∘	 Can decrease dosimetry in high-risk 

areas.
∘	 Multiple locations may be necessary for 

lesions >1 cm.
• Place ice on skin.
Postprocedure Care
• Analgesia

 – NSAID (ketorolac) is helpful.
• Weight bearing dependent on specific region 

and size of access defect(s)
 – “Activity as tolerated” for most patients.
 – High-risk areas may require crutches with-

out weight bearing.
• Informed discharge
Complications
• Thermal

 – Burn of surrounding structures, needle tract
 – Draining fistula reported

• Infectious
 – Osteomyelitis
 – Septic arthritis
 – Cellulitis

• Incomplete/partial treatment response
Follow-Up
• IR clinic visit in 2 weeks

 – Rebook if there is residual lesion-related pain.

Aneurysmal Bone Cyst
Background
• Locally aggressive, benign neoplasm.

 – Related to upregulation of USP6 oncogene
• “Soap bubble” on CT/X-ray; fluid-fluid levels.
• Rare solid variant exists.
• Telangiectatic osteosarcoma main differential 

diagnosis.
 – Need for biopsy is controversial.

• Secondary ABC associated with giant cell 
tumor, chondroblastoma, osteoblastoma, and 
osteosarcoma.

• Lymphatic, venous, and arterial components 
are present.

• Treatment includes embolization and 
sclerotherapy.

Indications
• Stop expansion and instability.
• Nonaggressive lesions in low-risk areas could 

be followed.
Contraindications
• Ethibloc listed as contraindicated in spinal 

ABC by some
Equipment
• Fluoroscopy, CT, ultrasound
• Access/biopsy needles

 – 12–16 gauge
• Embolic agent (glue, PVA, Gelfoam)
• Sclerotherapy agent

 – Doxycycline
∘	 Albumin, Gelfoam powder

 – Tricalcium phosphate
 – Ethanol
 – Ethibloc
 – Contrast

Embolization
• Treatment method or adjunct to surgery
• Glue, PVA, and Gelfoam described
• PVA

 – 150–250 μm in low-risk area
 – 250–350 μm in spine or high-risk area

• Suggested as treatment of choice in spine 
ABC by some

• Complications
 – Nontarget embolization

Sclerotherapy
• Numerous agents described
• General procedure technique

 – General anesthesia
 – Access lesion +/− biopsy
 – Aspirate fluid
 – Inject contrast

∘	 Assess volume, distribution, and venous 
drainage.

∘	 Aspirate.
 – Place secondary needles for treatment and 

drainage.
 – Apply tourniquet.
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 – Inject sclerosant.
∘	 Avoid extravasation.
∘	 Monitor with imaging.

 – Remove needles.
∘	 Consider site pressure, Gelfoam, and 

glue injection.
 – Remove tourniquet.

∘	 Consider gradual release if there is high 
risk of venous escape of embolic agent.

 – Follow up imaging.
∘	 X-rays; CT/MRI

 – Repeat treatment as necessary.
• Doxycycline foam

• Foam provides better contact, longer effect, 
and easier administration.

• To create doxycycline foam (10 mg/mL):
 – Reconstitute doxycycline to 40 mg/mL 

with NS or 0.5 % lidocaine.
 – Agitate mixture containing:

∘	 5 mL of 40 mg/mL doxycycline solu-
tion (200 mg)

∘	 5 mL of albumin or 2.5 mL albumin 
with 2.5 mL contrast

∘	 10 mL air
∘	 Can be scaled proportionally

 – Inject foam until fill cyst or until exits 
through secondary needle.

 – Can be injected directly into solid 
components.

 – Maximum dose: 300–500 mg for 
neonates.

• Tricalcium phosphate bone graft
 – Used in combination with doxycycline 

foam to treat larger locules.
 – Inject to fill cavity between 50 and 70 % of 

cyst volume; indwelling doxycycline foam 
drains through secondary needle.

 – Vitoss Flow slurry:
∘	 Break 5 mL Vitoss Flow block in 

1–2 mm fragments.
∘	 Add 1 mL contrast and 4 mL doxycy-

cline/albumin solution (20 mg/mL) and 
leave for >1 min.

∘	 Pass through a 3-way stopcock.
• Ethanol

 – Powerful sclerosant with narrow safety 
margin

 – Absolute alcohol administered using mul-
tiple needle technique

∘	 Minimizing potential for venous escape 
essential

 – Maximum dose 1 mL/kg
 – Monitored in the hospital for 24 h

• Ethibloc
 – Viscous sclerosant mixture containing 

alcohol
 – Maximum dose 7.5 mL

• Complications
 – Extravasation or arterial/venous escape

∘	 Skin necrosis
∘	 Systemic effects (acute pulmonary 

hypertension, right heart failure, death)
∘	 Death related to basilar thrombosis 

report

Corticosteroid Injections
• Background
• Powerful anti-inflammatory medication.
• Joint and tendon injections for arthritis.
• Accurate injection improves outcomes.
Indications
• Inadequate response oral medications
Contraindications
• Infectious arthritis
• Sepsis
• Joint instability
• Severe periarticular osteoporosis
• Coagulopathy
Equipment
• Ultrasound most often used.

 – CT, fluoroscopy, MRI, arthrography 
possible

• Steroids.
 – Soluble/insoluble
 – Better response with insoluble steroids

• Local anesthetic may be used.
 – Lidocaine, bupivacaine, etc.

Preprocedure Workup
• Rheumatology assessment.
• Review imaging.

 – MR helpful for identifying targets in areas 
of complex anatomy

• Local, sedation, or GA based on patient need, 
number of injections, and difficulty of access.

Procedure Technique
• Position to allow access.
• Target joint with imaging.

 – Consider arthrography for difficult areas.
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• Injection corticosteroid/local anesthetic.
 – Combined with local anesthetic vs. steroid 

first and LA second.
 – Dose varies with product and institutional/

personal preference.
∘	 Table 23.1—recently recommended 

dose protocol
• Monitor during injection when possible.

 – Use high-quality fluoroscopy or DSA in 
high- risk areas.

• Postprocedure Care
• Analgesia
• Informed discharge
Complications
• Septic arthritis
• Steroid flare
• Avascular necrosis
• Hyperglycemia (in diabetics)

 – Soft tissue calcification, atrophy, discolor-
ation, scar

• Tendon rupture
• Arterial embolization

 – Thrombolysis, Iloprost if necessary

Botulinum Toxin Injections
Background
• Botulinum toxins A and B are most commonly 

used.
 – Botox is discussed in this chapter.

• BTX-A blocks presynaptic acetylcholine 
release.

• Diffuses through tissues.
• Cannot covert doses between commercial 

brands.
• Approved uses are listed in Table 23.2.
Muscle Injections
• Most often used for spastic cerebral palsy 

(CP).
• Injection protocol based on muscle shape, recep-

tor density, and degree of diffusion expected.
• Inaccurate injection can worsen symptoms.
• Onset, 2–4 days; peak effect, 1–2 weeks; dura-

tion, 3–4 months.
Salivary Gland Injections
• Usually used to control drooling in CP 

patients.
• Off-label use of Botox.

• Botox decreases fluid component of saliva 
while maintaining protein/mucus.

• Effect variable.
 – Onset, 1–2 weeks; duration, up to 7 months

• Usually parotid and submandibular glands 
injected.

Preprocedure Workup
• Clinic visit to discuss treatment options and 

risks.
• Consider anesthesia consult for complex 

patients.
Procedure Technique
• Saline or sterile water added to achieve desired 

dilution.
 – Do not agitate when mixing.

• Ultrasound for guidance.
 – Consider nerve-stimulating needle for dif-

ficult to visualize areas (muscle injection).
• Reported doses are listed in Table 23.3.
Postprocedure Care
• Analgesia
• Informed discharge
Complications
• Local

 – Salivary: swallowing, chewing difficulties
 – Muscle: imbalance, increased pain

• Distal
 – Theoretical central effects possible
 – Pneumonia reported

• Xerostomia
• Anaphylaxis
• Antibody formation
• Death

 – FDA and Health Canada warning
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          Introduction 

 The general work-up for thermal ablation of 
 malignant tumors includes a review of the imag-
ing, pathology, and clinical history by the pediat-
ric or interventional radiologist and presentation 
to a local tumor board. If chemotherapy, radio-
therapy, or surgery is not preferred, then thermal 
ablation is indicated. It is helpful but diffi cult to 
have a prospective institutional review board- 
approved protocol available at your institution 
for thermal ablation of malignant lesions. Most 
pediatric cancer patients will have been treated 
on chemotherapy protocols. You will increase 
your accrual and get more information out of a 
prospective protocol.  

   Radiofrequency Ablation 

   Indications 

 Radiofrequency ablation (RFA) has mainly been 
used for benign lesions of bone in children. It is the 
treatment of choice for osteoid osteoma as covered 

in the musculoskeletal chapter (see Chap.   22    ) 
and has also been used to cure Langerhans cell 
 histiocytosis of bone and to palliate desmoid tumor 
of the soft tissues [ 1 ]. 

 RFA has been used to palliate and rarely cure 
malignant tumors in children. The largest experi-
ence reported prospectively was from St. Jude 
Children’s Research Hospital [ 1 ]. A recurrence 
rate of 50 % within the pulmonary/pleural inci-
sion has been reported after surgical resection of 
pediatric pulmonary osteosarcoma metastases 
[ 2 ]. The St. Jude RFA series mainly involved 
lung metastases recurring after initial pulmonary 
resections of osteosarcoma. 

 The other large group of pediatric patients 
that may benefi t from RFA are those with mul-
tifocal primary or metastatic hepatic lesions, for 
example, fi brolamellar hepatoma, desmoplastic 
round cell tumor, pancreatoblastoma, colon 
 carcinoma (Fig.  24.1 ), and rhabdomyosarcoma. 
Indications for RFA include hepatic lesions 
that would require a larger hepatic resection 
than a curative RF ablation zone. These lesions 
would typically be central but not in contact 
with the common hepatic or fi rst-order branch 
bile ducts.

   The third group of malignant lesions in chil-
dren that may be amenable to RFA are soft tissue 
or bone lesions. Examples include rhabdomyosar-
coma in the breast and maxilla, leiomyosarcoma 
of the chest wall, and metastatic osteosarcoma to 
the humerus [ 1 ].  
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   Contraindications 

 Contraindications are listed in Table  24.1 .

      Preprocedure Work-Up 

 Cross-sectional imaging with PET/CT is pre-
ferred prior to pulmonary RFA. MR of the head 
and neck, pelvic, or extremity lesion is preferred. 
MR (Fig.  24.1a ) or CT (Fig.  24.1b ) of hepatic or 
retroperitoneal lesions is suffi cient. If US guid-

ance is going to be used such as in hepatic 
(Fig.  24.1c ), retroperitoneal, or soft tissue 
lesions, then US should be performed prior to 
the ablation by the interventionalist that will 
 perform the ablation. A radiograph of a bone 
lesion is also necessary to rule out a pathological 
fracture. 

 A complete blood count, electrolytes, BUN, 
creatinine, liver function, and coagulation testing 
should be performed. Thrombocytopenia, ane-
mia, coagulation disorders, and electrolyte 
derangements should be corrected. Pulmonary 

  Fig. 24.1    This 16-year-old had colon cancer discovered 
when he had a laparotomy after a motor vehicle accident. 
( a ) Because of the scarring from the prior surgery, the sur-
geon did not want to resect the segment II hepatic metas-
tasis ( arrow ) as noted on this contrast-enhanced 
fat-suppressed T1-weighted MR. ( b ) After RFA the left 
hepatic lesion was partially ablated. Note the hyperdense 
burn zone ( short arrows ) is not completely covering the 
hypodense lesion ( long arrow ) on this contrast-enhanced 

CT. ( c ) A sagittal US image shows the RF target ( arrows ) 
for re-ablation in the left lobe of the liver. ( d ) Because this 
lesion was so close to the esophagus, this procedure was 
done under fl uoroscopy and US guidance. A triple (clus-
ter) Cool-tip RF probe was placed. Two catheters were 
placed in the esophagus, which was only 8 mm away from 
the RF probe. One catheter was perfused with cold water 
and the other was placed to wall suction. This was done to 
protect the esophagus during RFA       
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function testing should be performed prior to 
RFA of the lung. 

 A history and physical examination is performed 
in the clinic to include a pain intensity assessment. 
Consent during an unhurried clinic visit is war-
ranted so the patient and family are fully aware 
of the risks and potential complications of this 
procedure.  

   Equipment and Procedure Technique 

 General anesthesia is necessary for all RF ablations 
in children. There are multiple types of RFA sys-
tems available that include mono- and bipolar 
devices. The control methods for energy depo sition 
vary depending on the manufacturers. Common 
approaches include monitoring of impedance or 
temperature. It is important to be familiar with the 
specifi c control of your institutional RFA system. 

 The author is most familiar with using 
Radionics, ValleyLab, and Covidien (Boulder, 
CO) as progressive vendors for the same RF abla-
tion system. A Cool-tip RF system has a 200 W 
480 kHz generator with continuous internal 
cycling of chilled saline to minimize charring of 
tissues and to increase tissue impedance. It works 
using either manual control or impedance control. 
Grounding pads are placed transversely typically 
over the thighs. If a single RFA probe is used, 
two grounding pads are suffi cient. If more probes 
are used, four grounding pads are necessary 
(anterior and posterior on each thigh). The linear 

17 gauge RFA probes are cooled at the active tips. 
This prevents charring and gas formation and 
increases the burn volume by more effectively 
conducting the current to the periphery of the 
tumor. An impedance-controlled system also aids 
in conduction of the energy to a larger volume by 
shutting off the energy if the baseline impedance 
rises more than 20 Ω. The active tip length varies 
from 1 to 4 cm. For most malignant lesions, a 
cluster probe with three linear probes separated 
by 5 mm and with 2.5 cm active tips can be used 
(Fig.  24.1d ). The probe is placed percutaneously 
under CT/CT fl uoroscopy guidance for lung 
lesions and by US for most other lesions. The 
probe is placed in the deepest portion of the 
tumor. Typically the lesion is burned for 12 min, 
and then the energy and cold perfusion is turned 
off. A temperature of ≥60 °C at the tip of the 
probe indicates adequate tumor ablation in that 
zone. If, however, the temperature does not reach 
60 °C, measures such as stopping cooling and 
impedance control can be used to reach a tem-
perature of 90 °C for 1 min. Then the probe 
is pulled back to a location that registers 55 °C. 
If this is inside of the tumor, the cool perfused 
impedance-controlled ablation is repeated. If the 
55 °C is outside the tumor, then the percutaneous 
tract is ablated by a series of manual burns avoid-
ing burning the skin. To cover a larger burn vol-
ume, a switch controller allows three probes with 
3 or 4 cm active tips to be placed farther apart and 
at different angles during a single ablation. The 
switch controller allows for each probe to be 
turned on sequentially and thus avoids the inter-
ference and incomplete ablation zones between 
probes. The ablation time with the switch control-
ler is often 18 min. Having the manufacturer’s 
representative with you for your ablations is rec-
ommended until you are quite familiar with the 
technique.  

   Complications and Their Preventions 

 It is important to keep up to date on the complica-
tions of all thermal therapies. The US Food and 
Drug Administration (FDA) mandates reporting 
of all serious and fatal complications in the Manu-
facturer and User Facility Device Experience 

    Table 24.1    Contraindications to radiofrequency ablation   

 1.  Proximity of intended target tumor to adjacent vital 
structures 
 a. Tumor <1 cm from the main bile duct 
 b. Tumor <1 cm from the portal vessel (without 

adjunct technique to minimize heat sink effect) 
 c. Tumor <1 cm from the colon, small bowel, or 

stomach (without adjunct technique to displace) 
 2.  Intrahepatic bile duct dilatation (poor prognostic 

indicator) or presence of biliary-enteric anastomosis 
 3. Exophytic tumor (risk of tumor seeding) 
 4. Untreatable/unmanageable coagulopathy 
 5. Lack of safe access route to tumor 
 6. Active infection 
 7. Pulmonary insuffi ciency (for lung RFA) 

   RFA  radiofrequency ablation  
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(MAUDE) database:   http://www.accessdata.fda.
gov/scripts/cdrh/cfdocs/cfMAUDE/search.cfm? 
searchoptions=1    . To search for fatal complications 
of thermal ablations, enter: Event Type—Death 
and Product Code—GEI. 

 Signifi cant complications such as fatal hemop-
tysis have been reported after pulmonary RFA. 
This MAUDE database revealed 19 deaths related 
to RFA, fi ve related to pulmonary RFA, one 
included massive fatal hemoptysis. Two other 
cases of massive hemoptysis, 7 and 17 days post 
RFA, respectively, have been recently reported to 
be associated with pulmonary pseudoaneurysms 
treated successfully with coil embolization [ 3 ,  4 ]. 
In one large series, there was a 3 % incidence of 
procedural-related deaths after pulmonary RFA 
[ 5 ], with an increased risk of hemoptysis in 
patients receiving prior radiotherapy. Nonfatal 
hemoptysis can occur in 9 % of patients after 
RFA of lung lesions [ 6 ]. Treatment of nodules 
near large pulmonary arteries was thought to be 
safe but not effective [ 7 ]. One is taught that ves-
sels over 4 mm in diameter are spared by RFA 
due to their internal cooling of normal blood 
fl ow. However, if the ventilation is compromised 
in the lung during RFA, pulmonary artery perfu-
sion may decrease by as much as 84 % allowing 
larger pulmonary arteries to be thermally injured 
[ 8 ]. Delayed pseudoaneurysms and hemoptysis 
have been reported at 2 weeks post ablation of 
central pulmonary lesions. The lesions that involve 
the main or intermediate branch pulmonary arter-
ies therefore should be avoided. 

 Left diaphragmatic herniation after pulmo-
nary RFA in children has also been reported [ 1 ] 
after RFA of left lower lobe pulmonary metasta-
ses in contact with the diaphragm. RFA of lesions 
abutting the right diaphragm did not result in 
 herniation possibly due to the large liver surface. 

 Pulmonary insuffi ciency including shortness 
of breath at rest can occur after RFA of the lung. 
Patients considered for pulmonary RFA may 
have already received pulmonary irradiation, 
chemotherapy, bone marrow transplantation, or 
prior thoracotomy or thoracostomy. Patients 
already dependent on supplemental oxygenation 
are at high risk of pulmonary insuffi ciency post 
RFA. Pulmonary function testing is performed on 

cooperative patients (age 5 and older), and the 
author suggests a forced vital capacity ≥33 % of 
normal to consider pulmonary RFA. Poor pulmo-
nary compliance also may predispose the patient 
to air embolization through a bronchopulmonary 
vein fi stula during forced ventilation during [ 9 ] 
or after RFA. 

 When dealing with small children and large or 
central lesions, a rise in core body temperature 
must be controlled by cooling blankets, or the 
procedure should be stopped when the core body 
temperature reaches 40 °C [ 10 ]. 

 Also if there are unexpendable nerves or spinal 
cord within 1 cm of the ablation zone, a separate 
temperature probe near the vital nerve can be 
placed. If the temperature reaches above 45 °C, 
nerve damage may occur and the ablation should 
be halted [ 11 ]. 

 It is wise to deliver twice maintenance fl uid 
replacement during and after the ablation to pre-
vent renal damage from tumor lysis [ 12 ]. Dipstick 
urine to detect blood will reveal the presence of 
hemoglobinuria or myoglobinuria. The twice 
maintenance fl uid replacement should be main-
tained until the urine is clear. 

 Pain is a signifi cant problem following abla-
tion of large malignant lesions especially near the 
pleura, chest wall, subcutaneous tissues, and dia-
phragm. General anesthesia during the procedure 
and patient-controlled or parent-controlled anal-
gesia in the recovery room may alleviate much of 
this temporary pain. Most patients with malig-
nant lesions require only overnight admission for 
pain control. 

 Bile duct injury will occur when treating 
 contiguous hepatic lesions. Peripheral lesions 
can also be RF ablated, but if they are in contact 
with the GI tract, the GI tract wall needs to be 
separated from the ablation zone by fl uid or a bal-
loon catheter. The esophageal gastric junction 
can be protected by infusing cold liquid into the 
lumen during RFA (Fig.  24.1d ). Patients with 
biliary- enteric anastomoses are prone to bile sep-
sis after RFA. Either RFA should be avoided in 
these patients or prophylactic antibiotics and 
careful post-RFA care should be given. 

 Treating lesions under 3 cm is most successful. 
If treating over four lesions, one may consider 
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chemoembolization as an alternative to thermal 
ablation. Large hepatic lesions may also be more 
effectively RF ablated by pre-ablation chemoem-
bolization. This will decrease the cooling effect 
from the hypervascularity within the tumors and 
allow complete heating and tumor destruction. 

 Skin burns are a frequent problem especially 
on small or emaciated children. It is important to 
place the grounding pads with the broad portion 
of the rectangle transversely over the muscle or 
fat and separated from bony protuberances to 
avoid burns under the grounding pad. Small or 
patients with amputated limbs have a higher risk 
of burns with RFA in the groin. Also one must 
completely cover the upper extremities to avoid a 
hand or arm touching the fl ank or thigh as that 
may cause a reentry burn [ 1 ]. Skin burns over the 
superfi cially treated lesions can be avoided by 
placing ice in the fi ngers and palm of a sterile 
glove and covering the skin access site. If one 
uses a metallic coaxial needle outside the RF 
probe and if the active tip of the probe comes in 
contact with the coaxial needle, a serious skin 
burn can occur which may require surgery. This 
can be avoided by having a coaxial needle shorter 
than the insulated portion of the RF probe and 
pulling back the coaxial needle fully. The opera-
tor can touch the coaxial needle at the skin sur-
face during ablation to assure that heating is not 
occurring at that location. 

 RFA of head and neck and extremity malig-
nancies is challenging. The lesions are often far 
removed from the grounding pads, and the avail-
able energy to ablate these peripheral tumors is 
often insuffi cient due to high impedance. Bipolar 
RFA, cryotherapy, microwave, or irreversible 
electroporation may be more effi cient at treating 
peripheral malignant lesions.  

   Postprocedure Care and Follow-Up 

 After RFA, the patient is admitted until the urine 
is clear of hemoglobin or myoglobin, and the 
patient’s pain is controlled to a level of <4 out of 
10 of severity on oral medications. Electrolytes 
post RFA should be stable and not show evidence 
of tumor lysis. Pain control may exacerbate 

 pulmonary insuffi ciency. Patients may be discharged 
on  supplemental oxygen with the goal to get them 
back to room air by 1 month. 

 Patients are followed in interventional radiol-
ogy clinic at 1 month, 3 months, 6 months, and 1 
year. After pulmonary RFA, pulmonary function 
tests, pulse oximetry, and PET/CT are performed. 
Liver function tests and contrast-enhanced MR or 
CT are obtained after hepatic RFA. Following 
musculoskeletal lesion ablation, contrast- enhanced 
MR is performed. All patients have a pain score 
reevaluated at each visit.   

   Cryotherapy 

 Cryotherapy has been used on adults for prostate 
and renal tumor ablation. There is a 17 gauge sys-
tem available that delivers up to 28 × 28 × 55 mm 
−20 °C ablation zone per probe (  www.galilmedi-
cal.com    ) (Galil Medical Inc., Plymouth Meeting, 
PA). No grounding pads are necessary. Multiple 
probes may be used to decrease the time but 
increase the cost. A freeze-thaw-refreeze cycle is 
necessary for tumor ablation. CT accurately deter-
mines the freezing edges of the zone. Membranes 
may be spared offering some  advantage when 
close to cystic structures such as the renal collect-
ing system or urethra. The intraprocedural and 
postprocedural pain is often less with cryotherapy 
than with RFA [ 13 ]. The skin over subcutaneous 
or musculoskeletal lesions may have to be pro-
tected by directly warming the skin to prevent 
frostbite.  

   Microwave 

 Microwave ablation [ 14 ] can be delivered with-
out a grounding pad using 1–3 percutaneously 
placed probes (Evident NWA system,   www.covi-
dien.com    , Covidien AG, Boulder, CO). Internal 
cooling of the shaft proximal to the ablation zone 
protects the skin or other adjacent tissues from 
being damaged by the microwave. The active tips 
are either 2 or 3.7 cm producing a 28 × 28 × 40 mm 
ablation zone per probe at 45 W for 10 min. The 
probes are really antennas, and the distribution of 
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the energy is not affected or blocked by the cooling 
effect of passing vessels or airway. Therefore, 
there is a theoretical advantage in ablating tumors 
near large vessels that may be incompletely 
treated by RFA.  

   Irreversible Electroporation 

 Irreversible electroporation is able to cause com-
plete tumor cell apoptosis (progression to irrevers-
ible cell death) in tumor tissue even in areas where 
contiguous supporting structures such as blood 
vessels and bile ducts are completely spared [ 15 ]. 
It is marketed as NanoKnife (  www.Angiodynamics.
com    , AngioDynamics, Queensbury, NY). It uses 
1–6 percutaneous devices. Single 1 mm diameter 
(19 gauge) electrode probe requiring at least one 
other probe is available with an active length of 
0–40 mm. When two probes are placed 1.5 cm 
apart and the active length is set at 2 cm, then 
the dimensions of ablation will be 25 × 17 × 30 mm. 
Maximum current is 50 A. The single bipolar 
1.5 mm diameter (16 gauge) probes are not yet 
available. No grounding pads are necessary. 

  Chapter Summary 

   Radiofrequency Ablation 
•   Indications

 –    Pulmonary osteosarcoma mets  
 –   Hepatic neoplasms  
 –   Soft tissue/bone lesions      

  Contraindications 
•   See page Table  24.1 , page 393      

  Preprocedure Workup 
•   PET CT, MRI, ultrasound, plain fi lm based on 

location  
•   CBC, electrolytes, BUN, creatinine, liver 

function and coagulation  
•   Pulmonary function tests for lung RFA

 –    Suggest forced vital capacity >33 %     
•   Pain intensity assessment  
•   IR clinic visit   

  Equipment 
•   RFA unit with appropriate single, multi-tined 

or multiple probes  
•   Chilled saline for infusion for some RFA 

units  
•   Coaxial needle  
•   Temperature probe  
•   Grounding pads  
•   CT, CT fl uoroscopy, US   

  Technique 
•   All cases under GA  
•   Cell death related to combination of time and 

temperature  
•   Burn protocol as per manufacturer  
•   Consider protective methods (carbon dioxide, 

fl uid administration, displacement, ice, etc.) 
when near vital structures  

•   Consider double maintenance fl uid infusion  
•   Consider pre RFA chemoembolization for 

large hepatic lesions   

  Complications 
•   Lung

 –    Hemoptysis  
 –   Pseuodaneurysm  
 –   Diaphragmatic herniation  
 –   Pulmonary insuffi ciency  
 –   Air embolization     

•   Increased core body temperature  
•   Nerve damage  
•   Renal damage—hemoglobinuria/myogobinuria  
•   Pain  
•   Bile duct injury  
•   Burns

 –    Grounding pad  
 –   Coaxial needle  
 –   Reentry  
 –   Superfi cial lesion      

  Postprocedure Care 
•   Urine monitoring  
•   Pain control  
•   Electrolytes   

  Followup 
•   IR clinic—1, 3, 6 and 12 months.  
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•   Lung: pulmonary function tests, pulse oximetry 
and PET CT  

•   Liver: LFT’s, MR or CT  
•   MSK lesions: MR   

  Cryotherapy 
•   17 gauge system commercially available  
•   Freeze–thaw–refreeze cycle used for ablation  
•   Membrane sparing   

  Microwave 
•   No grounding pads  
•   Burn zone not affected by air or fl owing blood   

  Electroporation 
•   Electrical current results in cell apoptosis 

sparing blood vessels and bile ducts  
•   No grounding pads  
•   Recent introduction of commercial unit         
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          Introduction 

 Primary malignant liver cancers in children have 
an overall incidence of two cases per million. 
Hepatoblastoma (HB) is the most common, and 
the majority will present in infants and toddlers 
within the fi rst 2 years of life. On the other hand, 
hepatocellular carcinoma (HCC) which is the 
second most frequent malignant liver tumor will 
present later, typically in school-aged children or 
adolescents [ 1 ,  2 ]. 

 The fundamental principle for treatment is 
complete surgical resection of the tumor. 
Unfortunately 50 % of children with HB and 
70 % of those with HCC present initially as inop-
erable due to the extent of tumor involvement, 

vascular invasion, or distant metastasis. The 
prognosis for children that cannot ultimately 
achieve a complete tumor resection or transplant 
is dismal [ 3 ]. HB is generally chemosensitive, 
particularly to platinum-based agents such as cis-
platin. Following systemic chemotherapy up to 
85 % are appropriate candidates for surgical 
resection [ 4 ]. However, HCC remains relatively 
chemoresistant, and the fi brolamellar type of 
HCC most often attributable to children (13–
22 % of HCC in children) does not respond any 
differently than the typical HCC with current 
therapeutic regimens, having an overall survival 
rate below 25 % at 3 years [ 5 ]. 

 Treatment can be challenging, and the options 
for children with these malignant liver tumors have 
increased to include local regional treatment options 
such as transarterial chemoembolization (TACE) 
and radiofrequency ablation (RFA) procedures. 
Both TACE and RFA can be incorporated individu-
ally or in conjunction as complimentary treatments. 
RFA is further discussed earlier in this chapter. 

 The normal liver parenchyma with its dual 
blood supply is appropriately situated for TACE. 
TACE takes advantage and is premised upon the 
basis that malignant tumors are hypervascular 
and draw upon supply from the arterial compo-
nent, while normal liver parenchyma draws the 
vast majority of its blood supply (70–80 %) 
from the portal vein. With this dual supply the 
tumor can be selectively targeted with minimal 
risk of inducing hepatic insuffi ciency [ 6 ]. 
Combining the embolic component along with 
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the chemotherapy offers the opportunity to 
highly concentrate the agent directly into the 
tumor, reduce the systemic effects, and increase 
the dwell time and effects of the chemotherapy. 
Biologically active chemoembolic material has 
been shown to remain in the tumor tissue for up 
to 3 weeks from surgical resection specimens 
[ 7 – 10 ]. Furthermore, embolization induces isch-
emic necrosis of the tumor with the benefi t of 
not only tumor size reduction but also devascu-
larization, which has been shown to reduce 
blood loss during subsequent surgical resections 
(Fig.  25.1 ) [ 6 ,  8 ,  11 ].

      Indications and Role of TACE 
in Children 

 In that HB is generally chemosensitive, sys-
temic neoadjuvant chemotherapy is typically 
the preferred initial treatment course prior to or 

following surgical resection [ 2 ]. However, in up 
to 30 % of children, the tumor will not respond 
adequately to systemic chemotherapy, and 
TACE can be considered as an additional treat-
ment option. TACE has been shown to be effec-
tive as a salvage preoperative technique to 
convert unresectable tumor into a resectable 
tumor [ 12 ]. Children that have bilobar or multi-
centric disease and despite an apparent effec-
tive response of the tumor to the systemic or 
localized regional chemotherapy, surgery may 
not be able to achieve an adequate resection and 
still maintain suffi cient tissue volume to pre-
serve function. In these circumstances liver 
transplantation is increasingly considered a 
viable option, and TACE can serve as a bridg-
ing technique until an appropriate organ is 
available (Fig.  25.2 ) [ 13 ,  14 ].

   Less than 30 % of children with HCC present 
with a primarily resectable tumor. Liver 
 transplantation has been shown to be much more 

  Fig. 25.1    ( a ) A 15-year-old girl with fi brolamellar HCC. 
Angiogram performed from the celiac trunk demonstrates 
the hypervascular character of the tumor involving the left 
hepatic lobe ( arrows ). ( b ) Microcatheter was used to select 
a dominant feeding artery to the tumor. The chemoembolic 
emulsion was infused from this selective position. Evident 
are the oily contrast beads collecting into the tumor. Note a 
coil was placed into the gastroduodenal artery (GDA) to 

protect against refl ux into the gastric and proximal small 
bowel supply. ( c ) Baseline CT demonstrating tumor involv-
ing the left lobe. ( d ) Post-TACE CT without IV contrast 
demonstrates the distribution of the chemoembolic emul-
sion throughout the tumor. ( e ) MRI 3 months following the 
initial TACE demonstrates tumor necrosis and retraction of 
the tumor following four rounds of triple drug TACE. 
There remains residual enhancing tumor ( arrows )       
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  Fig. 25.2    A 23-month-old boy with hepatoblastoma, 
nonresponsive to systemic chemotherapy, had a TACE 
performed as a bridge for transplant. The child was trans-
planted after a single session of TACE when an organ 
became available. ( a ) CT demonstrates tumor involving 
the left hepatic lobe with minimal necrosis (response) to 
systemic chemotherapy. ( b ) Coronal image demonstrates 
patency of the main portal vein ( arrow ) and extent of left 
hepatic lobe involvement. ( c ) Angiogram performed from 
the celiac trunk. ( d ) Selective angiogram of the left 

hepatic lobe demonstrates innumerable enhancing nod-
ules throughout the left lobe. ( e ) Unsubtracted image 
demonstrates the distribution of the chemoembolic mix-
ture throughout the nodular masses occupying the left 
hepatic lobe. ( f ) Subtracted image demonstrating pruned 
appearance of the arterial vasculature following particle 
embolization. ( g ) Non-contrast CT demonstrating distri-
bution of the chemoembolic mixture within nodules 
throughout the left lobe and sparing the right       

successful than conventional systemic chemo-
therapy in children with HCC, even if they were 
outside the Milan transplant criteria (adult basis 
for liver transplantation) [ 15 ]. In these circum-
stances TACE clearly has a role as a bridging 
technique until an organ is available. 

 Finally TACE has a role as a palliative treatment 
option for those with symptoms related to the mass 
effect caused by the tumor burden. TACE has been 
shown with randomized controlled trials to pro-
long survival compared to conservative medical 
management in the adult population [ 16 ,  17 ].  
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   Contraindications 

 Contraindications are listed in Table  25.1 .
   There are three major categories that relate to 

contraindications for TACE. First are those issues 
related to the angiographic procedure (see Chap.   4    ). 
Second are contraindications related to the 
chemotherapeutic agents such as severe throm-
bocytopenia, neutropenia, and cardiac or renal 

dysfunction. Finally, there are issues related to 
hepatic function and vascular involvement. The 
child must have adequate reserves and suffi cient 
hepatic function following the embolization of 
the hepatic artery. This requires adequate portal 
venous support at baseline. An occluded portal 
vein is not necessarily a contraindication to 
TACE as long as there is suffi cient collateral fl ow 
from cavernous transformation to support the 
liver should the arterial supply become compro-
mised as is the case with an effective TACE 
(Fig.  25.3 ). In these circumstances the tumor 
should be embolized as selectively as possible to 
minimize risk of inducing hepatic failure. 
Children with biliary obstruction should have this 
relieved prior to a TACE due to the increased risk 
of developing a post-TACE hepatic abscess, sep-
sis, or hepatic failure [ 18 ]. Tumors that have 
excessive arterial venous shunting may not be 
appropriate for TACE treatment due to the risk of 
developing clinically signifi cant pulmonary 
emboli as a result of the embolic material.

      Preprocedure Workup 

 The workup before the actual procedure is an 
extremely important step in the entire process. 
This includes not only imaging and laboratory 

    Table 25.1    Contraindications   

 1. Decompensated liver disease with inadequate 
synthetic function as indicated by: 
 (a) Jaundice 
 (b) Encephalopathy 
 (c) Refractory ascites 

 2. Persistent biliary obstruction or untreated varices at 
risk for hemorrhage 

 3. Extensive bilobar tumor infi ltration and replacement 
with tumor (>50 % of liver; inadequate volume to 
preserve hepatic function) 

 4. Inadequate portal vein fl ow (portal vein occlusion is 
not a contraindication if there is suffi cient cavernous 
portal fl ow) 

 5. Technical contraindications 
 (a) Contraindication to angiography (see Chap.   4    ) 
 (b) Arteriovenous shunting that would result in 

embolization to the lung 
 6. Renal insuffi ciency (creatinine >2 mg/dL or creatinine 

clearance <30 mL/min) 

  Fig. 25.3    Child with HCC involving the left lobe of the 
liver and portal vein thrombosis. ( a ) Coronal CT image 
demonstrates portal vein occlusion from tumor invasion 
( arrow ). ( b ) Mesenteric angiogram imaged during the 

portal venous phase confi rms portal vein occlusion, but 
demonstrates adequate portal supply to the right lobe sec-
ondary to cavernous transformation       
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values but also a frank discussion at tumor board 
and a clinic visit for the child and family. 

 Typically, when a patient is to be worked up 
for a chemoembolization procedure, by the time 
referral is made to the interventional radiology 
service, a defi nitive diagnosis along with the nec-
essary imaging and lab workup has been com-
pleted. However it must be kept in mind that the 
imaging and labs should be relatively recent prior 
to the procedure. The imaging modality preferred 
is usually a multiphase contrast-enhanced MRI. 
This is especially helpful compared to a CT in the 
event that there has been prior percutaneous ther-
apy. However if an MRI is not available or obtain-
able for various reasons, then a multiphase CT 
with contrast is suffi cient. 

 Along with the imaging, the bloodwork is 
undertaken to assess for ability to tolerate TACE. 
The standard bloodwork performed should 
include a CBC, liver and renal function, coagula-
tion profi le, serum electrolytes, and tumor mark-
ers. A differential white count and an absolute 
neutrophil count may be required for those chil-
dren previously treated with systemic chemother-
apy. Once these facts are in hand, the case is 
discussed in the multidisciplinary tumor board. 
This is the forum to clarify the ultimate goal of 
the TACE, i.e., whether this is being done as a 
primary preoperative procedure, salvage, bridge 
to transplant, or palliative procedure. 

 Having made the decision to offer a TACE, 
the candidacy of the patient needs to be deter-
mined. This is done based on the performance 
status of the patient, the imaging fi ndings, and 
the lab values. Usually patients with an Eastern 
Cooperative Oncology Group (ECOG) 
Performance Status score of more than 2 are 
poor candidates (see Table  25.2 ). However, 
ECOG scoring is always challenging in the pedi-
atric population. On imaging one needs to ascer-
tain the degree of the liver parenchyma replaced. 
If more than 70 % of the liver is replaced by 
tumor, then the patient is a poor candidate in 
terms of tolerating the procedure due to the risk 
of inducing hepatic failure. Tumor distribution, 
i.e., unilobar or bilobar, also plays a role in the 
planning of the procedure. Bilobar disease will 

need good documentation of the areas treated at 
each session to make sure that all lesions are 
treated. Unilobar disease consisting of a solitary 
lesion is the best scenario as it allows a more 
targeted delivery of the chemoembolic agent 
with the best results.

   Next, one needs to assess the lab values. The 
coagulation parameters and the total bilirubin are 
critical values to consider. A total bilirubin of 
more than 2 mg/dL can suggest increased risk for 
complications, and proceeding with treatment 
should be taken into careful consideration with 
the care team. Also remember that when using 
Adriamycin, since it has cardiac side effects, it 
requires that cardiac function be evaluated in 
advance. Some of the lab value cutoffs are men-
tioned in the Table  25.3 .

    Table 25.2    Eastern Cooperative Oncology Group 
(ECOG) Performance Status a    

 Grade  ECOG 

 0  Fully active, able to carry on all pre-disease 
performance without restriction 

 1  Restricted in physically strenuous activity 
but ambulatory and able to carry out work of a 
light or sedentary nature, e.g., light house 
work, offi ce work 

 2  Ambulatory and capable of all self-care but 
unable to carry out any work activities. Up and 
about more than 50 % of waking hours 

 3  Capable of only limited self-care, confi ned to 
bed or chair more than 50 % of waking hours 

 4  Completely disabled. Cannot carry on any 
self-care. Totally confi ned to bed or chair 

 5  Dead 

   a As published in Oken, M.M., Creech, R.H., Tormey, D.C., 
Horton, J., Davis, T.E., McFadden, E.T., Carbone, P.P.: 
Toxicity And Response Criteria Of The Eastern Cooperative 
Oncology Group. Am J Clin Oncol 1982;5:649–655  

   Table 25.3    Lab values for TACE   

 1. T. Bilirubin less than 2 mg/dL 
 2. LDH less than 425 units/L 
 3. Creatinine less than 2 mg/dL 
 4. Platelets more than 50,000/dL 
 5. Neutrophils greater than 1,500/μL 

  If there is a cardiac history, then document an ejection 
fraction of >50 %  
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   The fi nal step in the workup is the clinic visit. 
This is the time when the patient and the family 
get to know the interventionalist. Explanation of 
the procedure, the goals of the plan (palliation or 
bridge to transplant, etc.), the potential side 
effects, and the complications need to be 
explained to them. It is essential to make them 
aware of the “tumor lysis syndrome” which inev-
itably follows. Essentially this is where the 
patient–doctor relationship is consolidated and 
prepares the family for the TACE.  

   Procedure Technique 

 In that TACE is essentially an angiographic 
endovascular procedure, standard pediatric 
access techniques, sheaths, catheters, and pre-
cautions should be utilized based upon the 
child’s physical characteristics [ 19 ]. We per-
form all TACE procedures in children with the 
benefi t of a general anesthetic.  Preprocedure 
medications  include antibiotic prophylaxis 
consisting of a fi rst- generation cephalosporin 
and metronidazole. In an attempt to minimize 
the postprocedure infl ammatory reaction, the 
child is given a single preprocedure IV dose of 
250 mg/m 2  of methylprednisolone (maximum 
of 260 mg) [ 20 ]. 

 The initial TACE procedure should include a 
well-performed  visceral angiogram  of both the 
celiac and superior mesenteric artery (SMA) to 
fully map the vascular anatomy supplying the 
liver and specifi cally the tumor (Fig.  25.1 ). This 
is followed by selective catheterization and 
angiogram of both the right and left hepatic 
artery; a microcatheter can be used to decrease 
the risk of inducing arterial spasm. Spasm is a 
pitfall that can produce the false appearance of 
early adequate embolization or worse inhibit the 
ability to instill the entire aliquot of the chemo-
embolic emulsion. The SMA arteriogram should 
be imaged through the portal venous phase to 
ensure patency of the portal vein (if not recently 
cleared by ultrasound, CT, or MRI). A replaced 
hepatic artery originating    from the SMA or left 
gastric artery is a common anatomical variant 
that should be looked for. The vascular catheter 
should be positioned as selectively as reason-

able to treat the greatest volume of tumor. It is 
through this position that the chemoembolic 
emulsion is instilled under live fl uoroscopy to 
look for emulsion distribution and persistent 
antegrade fl ow or refl ux. 

 The  chemotherapeutic agent ( s ) should be pre-
pared by the oncologic pharmacy into a 10 mL 
solution that can be drawn up in the IR suite into 
a glass or polycarbonate syringe. At our chil-
dren’s hospital, in conjunction with the pediatric 
oncologists, we have preferred a triple drug cock-
tail (Table  25.4 ). The chemotherapy is then vig-
orously mixed with 5–10 mL of the  ethiodized 
oily contrast  (Guebert LLC, Bloomington IN) 
using a metallic 3-way stopcock just prior or 
immediately upon the fi nal positioning of the 
angiographic catheter. Initially, mix the chemo-
therapy with only 5 mL of ethiodized oily con-
trast; after half of the emulsion is instilled, 
additional contrast (up to 5 mL) will be mixed if 
there is persistent adequate antegrade fl ow. 
A 3 mL polycarbonate syringe is used to facili-
tate introduction of the chemoembolic emulsion 
if a microcatheter is used.  Caution : standard 
syringes and plastic stopcocks are susceptible to 
erosion due to the chemotherapy.

    Particle embolization  is performed following 
the complete introduction of the chemothera-
peutic emulsion mixture. Various particles have 
been described for use to include Gelfoam, tris-
acryl gelatin particles, and polyvinyl alcohol 
(PVA) embolization particles. Particle emboli-
zation should proceed until cessation of ante-
grade arterial fl ow into the vasculature that 
supplies the tumor (Fig.  25.2 ). Metallic coils are 
not used to embolize the hepatic artery due to 
the potential future need for repeat TACE proce-
dures. Studies have shown that particle emboli-
zation at the conclusion (along with our own 
University Hospital experience) is more effec-
tive than only relying upon the ethiodized oily 
contrast portion of the emulsion mixture as the 
sole embolic component [ 21 ]. 

   Table 25.4    Chemotherapeutic agents   

 Cisplatin  60 mg/m 2  
 Adriamycin  30 mg/m 2  
 Mitomycin C  20 mg/m 2  
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 Note that protective eyewear and double 
gloving when working with chemotherapeutic 
agents is highly recommended. All materials 
are disposed in specially labeled waste 
containers.  

   Postprocedure Patient Care 
and Follow-up 

 The child should be aggressively treated with 
supportive care for an expected  post- embolization 
syndrome  ( tumor lysis syndrome ). This consists 
of pain, nausea and vomiting, and fevers. Fevers 
<102 F (38.9 °C) are not unusual in the fi rst week 
and should not automatically trigger a sepsis 
workup [ 22 ]. However, as prophylaxis against 
gram-negative bacteremia, we initiate a 5-day 
course of antibiotics consisting of amoxicillin- 
clavulanate or ciprofl oxacin. IV narcotics along 
with antiemetics should be liberally utilized in 
the fi rst 24–48 h following the TACE procedure. 
Various chemotherapeutic agents, particularly 
cisplatin, can induce dehydration along with the 
fevers, and therefore aggressive hydration should 
be considered to maintain adequate fl uid status 
until the child is able to maintain suffi cient oral 
intake volumes. 

 The day following the TACE, a non-contrast 
abdominal CT is performed to identify distribu-
tion of the chemoembolic mixture (Fig.  25.1 ). 
Labs to include CBC, electrolytes, and liver func-
tion tests (LFTs) are obtained. It is expected that 
the LFTs will be dramatically elevated in this 
post-TACE period. This set of labs serves as a 
baseline for subsequent follow-up comparisons. 
Labs are redrawn in 3 weeks following the TACE, 
and the LFTs should be expected to have signifi -
cantly improved compared with the baseline post 
TACE. Multiple TACE procedures can be per-
formed (every 4–5 weeks) based upon the tumor 
response, the patient’s laboratory and clinical tol-
erance, and the surgical or transplant status. 

 Tumor response can be followed by imaging 
and the serum AFP. Follow-up imaging for tumor 
response is best performed with contrast- 

enhanced MRI. The Ethiodol staining in the 
tumor limits the ideal ability to visualize tumor 
enhancement with CT (Fig.  25.1 ).  

   Complications Related to TACE 

 The development of post-embolization syndrome 
is common following TACE in children. This can 
be addressed with aggressive postprocedure sup-
portive care. One of the keys to its management is 
actually in preparing the family and child for its 
occurrence in advance during the initial consulta-
tive and consenting process. 

 Major potential complications that can arise 
as a result of a TACE procedure include the 
induction of hepatic failure or insuffi ciency. It is 
important to assess the liver function prior to a 
TACE to help ensure adequate post-embolization 
hepatic perfusion. Infections and the develop-
ment of a hepatic abscess can be minimized with 
the use of antibiotic prophylaxis. A hepatic 
abscess can be addressed with a percutaneous 
drain. Careful technique will minimize nontarget 
embolization as well as careful review of the 
angiogram for anatomical variants that could 
lead to unintended embolic material occluding 
gastric or bowel vasculature. Pulmonary embolus 
as a result of shunting from the tumor has also 
been described [ 23 ]. The use of IV steroids can 
also signifi cantly alter the glucose control of a 
child, and this should be monitored and aggres-
sively treated to minimize both the acute and 
long-term effects of hyperglycemia [ 24 ].  

   Conclusion 

 The fundamental principle of treatment for chil-
dren with primary malignant liver tumors is com-
plete surgical resection. TACE is technically 
achievable and has been shown to be effective as 
an additional treatment technique for children 
that do not respond adequately to systemic che-
motherapy. Its role can be as a salvage procedure, 
a bridge to eventual transplant, or palliative. 
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  Chapter Summary 

   Introduction 
•   Pediatric liver cancer uncommon

 –    Hepatoblastoma (HB) (<2 years old)  
 –   Fibrolamellar HCC (adolescents)     

•   Outcomes without complete surgical resec-
tion/transplant dismal
 –    50 % HB and 70 % HCC inoperable  
 –   HB more chemosensitive than HCC      

  Indications 
•   Inadequate response to systemic chemother-

apy (HB)  
•   Bridge to transplant (HB, TACE)  
•   Palliation—decrease tumor burden/pain   

  Contraindications 
•   Inability to undergo angiogram  
•   Chemotherapy associated issues:

 –    Severe thrombocytopenia  
 –   Neutropenia  
 –   Renal/cardiac dysfunction     

•   Suspected inadequate hepatic function post 
embolization  

•   Portal vein occlusion (without suffi cient col-
lateral fl ow)  

•   Biliary obstruction  
•   Arteriovenous shunting   

  Preprocedure Workup 
•   Review imaging and bloodwork.

 –    MRI and CT  
 –   CBC with differential, liver function, renal 

function, coagulation, electrolytes, and 
tumor markers     

•   Review at tumor board.  
•   Clinic visit with family.  
•   Determine eligibility.

 –    ECOG status  
 –   % liver affected (>70 % poor candidate)  
 –   Lab values (Table  25.1 )      

  Equipment 
•   Angiography supplies

 –    Microcatheters     
•   Chemotherapy (see Table  25.2 )  
•   Protective eyewear  
•   Double gloves  
•   Ethiodized oil contrast  
•   Metallic 3-way stopcock  
•   Polycarbonate syringe  
•   Embolic agent

 –    Gelfoam, PVA, tris-acryl gelatin     
•   Appropriate disposal container   

  Technique 
•   GA  
•   Antibiotic prophylaxis (cephalosporin and 

metronidazole)  
•   Methylprednisolone (250 mg/m 2 ; 260 mg 

max)  
•   Determine hepatic and tumor vascular anatomy

 –    Celiac/SMA  
 –   Both hepatic arteries     

•   Place catheter into appropriate branch  
•   Monitor chemotherapy administration under 

fl uoroscopy  
•   Embolize   

  Postprocedure Care 
•   Supportive care

 –    Pain, nausea, vomiting, fever, and fl uid 
intake     

•   Antibiotic coverage (amoxicillin/clavulanate 
or ciprofl oxacin)  

•   CT used to identify distribution  
•   CBC, electrolytes, glucose, LFTs, POD#1, 

and #21   

  Complications 
•   Post-embolization syndrome  
•   Hepatic failure/insuffi ciency  
•   Nontarget embolization

 –    Stomach and duodenum  
 –   Pulmonary embolization            

N.-J. Vo et al.
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  A 
  ABC.    See  Aneurysmal bone cyst (ABC)  
  Acalculous cholecystitis , 285, 288, 336   
  Alagille syndrome , 331   
  American Society of Anesthesia , 18   
  Amplatzer devices , 91   
  Anesthetic management 

 cerebral angiography , 42–43  
 vascular anomalies 

 ethanol , 40–42  
 heparin , 42  
 high-fl ow lesion , 39  
 low-fl ow lesion , 39  
 narcotics , 41  
 polyvinyl alcohol foam , 40  
 postembolic swelling , 42  
 proliferative phase , 39  
 steroids , 42  
 vascular embolization , 39   

  Aneurysmal bone cyst (ABC) 
 arterial perfusion , 368  
 doxycycline foam , 370  
 embolization , 368  
 ethanol , 371  
 ethibloc , 371  
 indications and contraindications , 368  
 locally aggressive, benign neoplasm , 367  
 rare solid variants , 367  
 sclerotherapy , 368–369  
 “soap bubble” appearance , 367  
 telangiectatic osteosarcoma , 368  
 tricalcium phosphate bone graft , 370  
 venous and lymphatic components , 368   

  Angiography 
 arteriovenous malformations , 206–208  
 catheter directed angiography , 167, 187–193  
 cerebral angiography , 42–43  
 complications , 49–50  
 contraindications , 47  
 contrast injection rates , 48–49  
 CT angiography (CTA) , 85  
 DSA , 6  
 3-Fr catheters , 48  
 indications , 47  
 lymphangiography   ( see  Lymphangiography) 

 palpation , 48  
 percutaneous transhepatic cholangiography  

 ( see  Percutaneous transhepatic 
cholangiography (PTC)) 

 postprocedure care , 50  
 preprocedure evaluation , 47–48  
 provocative angiography , 97  
 selective catheter angiography , 97  
 ultrasound guidance , 48  
 vascular sheath , 48  
 visceral angiography , 172   

  AngioJet® catheters , 232   
  Antibiotic-treated/antibiotic-impregnated catheters , 109   
  Aortogram , 54–55, 59, 78, 80, 243   
  Apheresis catheters , 110, 117, 118, 120   
  Appendicitis , 285, 286, 292, 293   
  Arrow-Trerotola percutaneous thrombectomy device 

(PTD®) , 232–233   
  Arterial thrombosis 

 etiology of , 242  
 indications/contraindications , 242–244  
 patient follow-up , 245  
 postprocedure care , 245  
 preprocedure work-up , 243  
 procedure technique , 244–245  
 thrombectomy and thrombolysis , 244   

  Arteriovenous fi stulae (AVF) , 209  
 clinical examination , 157  
 durability , 155  
 fi stulography , 158–160  
 nonmaturing AVF , 161  
 ultrasound , 157   

  Arteriovenous grafts (AVG) 
 clinical examination , 157  
 Dacron/polytetrafl uoroethylene (PTFE) , 155  
 fi stulography , 158  
 loop graft , 155, 156  
 straight graft , 155, 156   

  Arteriovenous malformations (AVM) 
 embolization 

 agents , 211  
 arterial catheterizations , 211  
 coil embolization , 211  
 controlled selective contrast injection , 211  
 follow-up , 212  
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 Arteriovenous malformations (AVM) (cont.) 
 guidewires , 211  
 post-procedure care , 212  
 practical tips , 212–213  
 pre-procedure work-up/planning , 209–211  

 imaging/angiography , 206–208  
 nidus , 206, 207  
 Schobinger staging , 206  
 shunts , 206, 207  
 treatment , 209   

  Arthrography , 372, 373   
  Avascular necrosis (AVN) , 374   
  AVF.    See  Arteriovenous fi stulae (AVF)  
  AVG.    See  Arteriovenous grafts (AVG)  
  AVM.    See  Arteriovenous malformations (AVM)   

  B 
  Bile plug syndrome , 336   
  Biliary interventions 

 contraindications 
 ascites , 327–328  
 uncorrectable coagulopathy , 327  
 unsafe access route , 328  

 equipment , 328  
 liver, anatomic variants , 328  
 percutaneous transhepatic cholangiography 

 ( see  Percutaneous transhepatic 
cholangiography (PTC)) 

 postprocedure care , 334  
 preprocedure workup , 327   

  Biplane imaging , 6   
  Blue rubber bleb nevus syndrome , 199   
  Botulinum toxin injections 

 approved uses and lower age limits , 
376, 377  

 botulism, symptoms of , 375  
 BTX-A and BTX-B , 375–376  
  Clostridium botulinum  , 375  
 complications , 380  
 muscle injections , 376–378  
 muscle spasticity and drooling , 375  
 postprocedure care , 379  
 preprocedure workup , 379  
 procedure technique , 379  
 salivary gland injection , 377–379   

  British Thoracic Society (BTS) , 297–298   
  Bronchial artery interventions 

 aortogram , 77  
 complications , 80  
 embolization , 77–79  
 4/5 Fr femoral sheath , 77  
 gelatin sponge , 74  
 general anesthesia , 76–77  
 indications and contraindications , 75–77  
 microcatheter , 78  
  n -butyl cyanoacrylate , 74–75  
 polyvinyl alcohol (PVA) , 74  
 postprocedure care , 80  
 pre-procedural evaluation , 75–76  
 sedation , 77  

 spherical agents , 74  
 treatment outcomes , 80  
 vertebral catheter , 77–78   

  Byler disease , 331    

  C 
  Caroli’s disease , 330, 331   
  Cecostomy (C) 

 complications , 320–321  
 equipment , 319  
 indications/contraindications , 319  
 patient follow-up , 321–322  
 postprocedure care , 320  
 preprocedure workup , 319  
 procedure technique , 319–320   

  Central venous access (CVA) procedure 
 access site selection , 112–114  
 acute indications , 108, 109  
 antibiotic prophylaxis , 109  
 antibiotic-treated/antibiotic-impregnated catheters , 109  
 apheresis catheters , 117, 118, 120  
 catheter removal and replacement , 128  
 catheter sizes , 110–111  
 communication , 107–108  
 contraindications , 107, 108  
 CT-compatible catheters , 109  
 cuffed catheters , 118  
 documentation and communication , 128–129  
 guide wire advancement , 114–116  
 hemodialysis catheters , 117, 118, 120  
 image guidance , 113–116  
 indications , 107, 108  
 infectious complications , 122–124  
 laboratory analysis , 109  
 left extremity venogram , 118, 119  
 local anesthesia , 111, 116  
 longitudinal/transverse imaging , 114, 117  
 mechanical complications 

 catheter dysfunction , 121–124  
 dehiscence , 121  
 swelling , 122  

 outcome measures , 129–130  
 patient history , 108–109  
 patient positioning , 112  
 peel-away sheath , 116–118  
 peripheral port sites , 116  
 premedication , 109  
 preprocedure evaluation , 107  
 procedural complications , 121  
 recanalization , 125–128  
 regional anesthesia , 116  
 risk factors and comorbidities , 108  
 sedation , 111  
 serial angioplasty , 118, 119  
 skin preparation and draping , 112  
 sterile dressing , 118, 120  
 temporary catheters , 118, 120  
 venography , 118, 119, 124–126  
 venoplasty , 128  
 wire recanalization , 118, 119   
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  CEPSS.    See  Congenital extrahepatic portosystemic 
shunts (CEPSS)  

  Cholestatic jaundice , 331   
  CIPSS.    See  Congenital intrahepatic portosystemic shunts 

(CIPSS)  
  Clinic and longitudinal care , 9–11   
  Clinic coordinator , 11–12   
   Clostridium botulinum  , 375   
  Cobra-shaped catheters , 55, 273   
  Colon cancer , 391, 392   
  Compartment syndrome , 243   
  Congenital extrahepatic portosystemic shunts (CEPSS) 

 intrahepatic lesions development , 166  
 shunt ratio , 167  
 type I , 166, 167  
 type II , 166, 167   

  Congenital intrahepatic portosystemic shunts (CIPSS) 
 asymptomatic and symptomatic patients , 168  
 intrahepatic lesions development , 166  
 postprandial hyperglycemia , 166  
 type I , 167, 168  
 type II , 167, 168  
 type III , 167, 168  
 type IV , 167, 168  
 type V , 167, 168   

  Congenital portosystemic shunts (CPSS) 
 Amplatzer occlusion device , 171  
 catheter directed angiography , 167  
 catheterization , 170  
 CEPSS   ( see  Congenital extrahepatic portosystemic 

shunts (CEPSS)) 
 CIPSS   ( see  Congenital intrahepatic portosystemic 

shunts (CIPSS)) 
 complications , 172  
 contraindications , 170  
 cross-sectional imaging , 166–167, 169  
 detachable coils , 171  
 direct portography , 170  
 Doppler ultrasound images , 166, 169  
 follow-up care , 173  
 general anesthesia , 170  
 laboratory evaluation , 167  
 metallic coils , 171  
 reducing stent technique , 171, 172  
 visceral angiography , 172  
 Wallstent , 171–172   

  Core needle biopsies (CNB) , 265, 272   
  Corticosteroid injections 

 accuracy of , 371–372  
 anti-infl ammatory medication , 371  
 arthritis, joint and tendon injections for , 371  
 complications 

 arterial embolization , 375, 376  
 avascular necrosis , 374  
 diabetic patients, hyperglycemia in , 374  
 septic arthritis , 374  
 steroid fl are , 374  
 tendon rupture , 375  
 tissue atrophy and discoloration , 374–375  

 contraindications , 372  
 local/general anesthesia , 372  

 postprocedure care , 373–374  
 procedure technique 

 active monitoring , 372, 374  
 arthrography , 372, 373  
 imaging modality , 372  
 local anesthetic injection , 372  
 patient positioning , 372  
 proper needle positioning , 372, 374  
 triamcinolone joint injections, dose 

range for , 372, 374  
 ultrasound examination, synechiae , 372, 375  

 review imaging , 372  
 rheumatology assessment , 372  
 sedation , 372  
 soluble/insoluble , 372   

  Cryotherapy , 395   
  Cuffed catheters , 110, 118   
  CVA procedure.    See  Central venous access (CVA) 

procedure   

  D 
  Deep venous thrombosis (DVT) 

 anticoagulation , 141  
 IVC fi lter   ( see  Inferior vena cava (IVC) fi lter) 
 pulmonary embolism (PE) , 141  
 umbrella fi lter , 141   

  Digital fl at panel technology , 6   
  Digital subtraction angiography (DSA) , 

6, 145–146   
  Disposable biopsy gun , 272   
  Double-J stents , 352–354   
  Drainage 

 abscesses and fl uid collections, etiologies of 
 acalculous cholecystitis , 285, 288  
 appendicitis , 285, 286  
 branchial cleft cysts , 285  
 cerebrospinal fl uid pseudocyst , 285, 287  
 joint effusion , 285, 289  
 lymphatic malformations , 285  
 necrotizing enterocolitis , 285, 289  
 osteomyelitis , 285  
 ovarian cysts , 285, 288  
 pancreatic fl uid collections , 285  
 para-tonsillar abscess , 285  
 pleural and pulmonary collections , 285  
 posttraumatic collections , 285, 288  
 soft tissue infections, cellulitis , 285  
 suppurative adenitis , 285  
 thyroglossal duct cysts , 285  

 complications , 294  
 contraindications , 285–286  
 empyema   ( see  Empyema) 
 equipment , 287, 289  
 indications , 285  
 patient outcomes , 294  
 postprocedure care , 294  
 preprocedure evaluation 

 coagulopathy , 287  
 image-guided treatment , 286  
 prophylactic antibiotics , 287  
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 Drainage (cont.) 
 technique 

 catheter securement , 293–294  
 CT/fl uoroscopic guidance , 291  
 deep pelvic abscesses, transgluteal and transrectal 

approaches , 291–293  
 sedation/anesthesia , 289  
 standard Seldinger/micropuncture 

technique , 291  
 ultrasound guidance , 289   

  DSA.    See  Digital subtraction angiography (DSA)  
  DVT.    See  Deep venous thrombosis (DVT)   

  E 
  Electrocautery equipment , 7   
  Empyema 

 clinical severity assessment, BTS guidelines , 
297–298  

 contraindications , 298  
 equipment , 300  
 indications , 297–298  
 interventional radiology , 297  
 laboratory workup , 298  
 patient follow-up , 303  
 pneumonia , 297  
 postprocedure care , 303  
 preprocedural imaging , 298–300  
 procedure technique 

 anesthesia , 300  
 aseptic procedures , 300–301  
 drainage catheter insertion , 301–302  
 drain size, choice of , 302  
 fi brinolytic therapy , 302  
 image-guided needle placement , 301  
 patient positioning , 300  

 VATS and thoracotomy , 297   
  Endovascular thrombosis 

 anticoagulation drugs , 228–229, 231  
 antiplatelet agents 

 abciximab , 230  
 aspirin , 229  
 clopidogrel , 229–230  
 dipyridamole , 230  

 arterial thrombosis   ( see  Arterial thrombosis) 
 blood products , 232  
 bloodwork , 227  
 history and physical examination , 227–228  
 indications/contraindications , 227, 239  
 multidisciplinary discussion , 228  
 pediatric coagulation , 226  
 postprocedure care/follow-up , 239  
 preprocedural imaging , 227  
 procedure technique 

 dilatation/stent placement , 239  
 fi lter insertion , 234–235  
 initial lytic administration , 236–238  
 lytic infusion , 237–238  
 ongoing evaluation , 238–239  

 patient positioning , 234  
 patient preparation , 234  
 sedation/anesthesia , 234  
 thrombectomy , 237  
 thrombus extent , 235–236  
 vascular access , 235  

 thrombectomy equipment , 232–233  
 thrombolysis equipment , 232  
 thrombolytic drugs , 230–232  
 thrombophilia testing , 227  
 venous thrombosis   ( see  Venous thrombosis)  

  Endovascular ultrasound (IVUS) , 6   
  Enterostomy service , 13   
  Esophageal dilatation 

 duodenal and colonic dilatations , 310  
 gap study/gapogram , 310, 311  
 indications/contraindications , 307  
 postprocedure care , 309  
 procedure technique 

 anesthesia and sedation , 307  
 balloon dilatation , 308  
 endotracheal tube, placement of , 307  
 esophageal leak. , 309  
 retrograde access , 309  
 stenosis, localization of , 308  
 upper GI study , 307, 308    

  F 
  Fibrinolytic therapy , 302   
  Fine needle aspiration (FNA) , 270–272, 277   
  Fine screw needle biopsy , 271   
  Fistulography , 158–160   
  Forearm loop fi stulography , 158, 159    

  G 
  Gastrointestinal bleeding 

 arterial intervention 
 advantages , 98  
 angiographic fi ndings , 97–98  
 aortography , 97  
 coaxial microcatheter techniques , 97  
 contraindications , 96  
 4 F/5 F arterial sheath , 97  
 Gelfoam , 99  
 indications , 96  
 lower GI embolization , 100–101  
 microcoils , 100  
 polyvinyl alcohol (PVA) particles , 100  
 postprocedure care , 102  
 preprocedure evaluation , 96–97  
 provocative angiography , 97  
 selective catheter angiography , 97  
 TIPS , 98  
 upper GI embolization , 100  
 vasopressin , 98–99  

 causes , 95  
 medical management , 95   
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  Gastrointestinal (GI) interventions 
 cecostomy 

 complications , 320–321  
 equipment , 319  
 indications/contraindications , 319  
 patient follow-up , 321–322  
 postprocedure care , 320  
 preprocedure workup , 319  
 procedure technique , 319–320  

 esophageal dilatation 
 duodenal and colonic dilatations , 310  
 gap study/gapogram , 310, 311  
 indications/contraindications , 307  
 postprocedure care , 309  
 procedure technique , 307–309  

 gastrojejunostomy 
 antegrade and retrograde 

technique , 312, 316–318  
 complications , 318  
 contraindications , 311  
 equipment , 313  
 indication , 311  
 management , 319  
 preprocedure evaluation , 311, 313  

 gastrostomy 
 advantages and disadvantages , 312  
 antegrade technique , 314–317  
 complications , 317–318  
 contraindications , 311  
 equipment , 313  
 indication , 311, 312  
 management , 319  
 postprocedure care , 317  
 preprocedure evaluation , 311, 313  
 retrograde technique , 313–315   

  Genitourinary (GU) interventions 
 equipment , 345  
 indications for , 345  
 interventional radiology , 356  
 percutaneous nephrolithotomy , 355  
 percutaneous nephrostomy 

 complications , 351  
 indications for , 346  
 neuromuscular scoliosis , 351  
 procedure technique , 348–350  
 pyonephrosis , 351  
 renal artery anatomy , 347–348  

 preprocedure workup , 345  
 ureteral calculus removal 

 indications for , 354  
 procedure technique , 354–355  

 ureteral stent placement 
 angle-tip glide catheter and hydrophilic wire , 353  
 double-J stents , 352–354  
 0.035-inch stiff wire , 353  
 indications for , 351–352  
 nephroureteral stents , 352, 353  
 strictures, balloon dilatation for , 353  

 urinomas and urine leaks , 346, 347, 356    

  H 
  Hemodialysis 

 angioplasty , 159–160  
 AVF   ( see  Arteriovenous fi stulae (AVF)) 
 AVG   ( see  Arteriovenous grafts (AVG)) 
 catheters , 117, 118, 120  
 complications , 161  
 endoluminal stent insertion , 159–160  
 fi stula , 155, 156  
 indications/contraindications , 156–160  
 postprocedure care , 161–162  
 sedation , 157158  
 thrombectomy , 160–161   

  Hemoptysis 
 angiographic study , 72, 73  
 bronchial arteries origin , 73, 74  
 causes , 71  
 classifi cation , 71, 72  
 collateralization , 74, 75  
 cystic fi brosis (CF) , 71  
 doses , 72  
 endoscopic treatments , 72  
 initial therapy , 72  
 pathophysiology , 71  
 postmortem study , 72  
 right intercostal bronchial trunk (RICBT) , 72, 73  
 treatment   ( see  Bronchial artery interventions)  

  Hepatic biopsy procedure , 273    

  I 
  Image-guided percutaneous biopsy.    See  Percutaneous biopsy  
  Image-guided percutaneous radiofrequency ablation 

(RFA) , 7   
  Infection control , 12–13   
  Inferior vena cava (IVC) fi lter 

 complications , 151, 152  
 contraindications , 142  
 follow-up , 151  
 indications , 142  
 insertion technique 

 cavogram , 144–146  
 delivery sheath , 147  
 fi lter deployment , 146, 147  
 fi lter position rechecking , 146–147  
 fi lter redeployment , 147  
 guidewire , 146  
 informed consent , 144  
 jugular approach , 147, 148  
 local anesthesia/sedation , 144  
 ruler , 144  
 sheath kinks , 147  
 sterile technique , 144  
 venogram , 146, 147  
 venous access , 144  

 optional/retrievable/recoverable fi lters , 142, 144  
 permanent fi lters , 144  
 postprocedural problems and management , 151–152  
 postprocedure care , 150–151  
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 Inferior vena cava (IVC) fi lter (cont.) 
 pre-procedure assessment , 144, 145  
 retrieval technique , 148–150  
  vs.  SVC fi lters , 148  
 temporary fi lter , 142  
 transabdominal ultrasound , 148  
 treatment outcomes , 151  
 types , 142, 143   

  Interstitial/endovascular laser technology , 7   
  Irreversible electroporation , 396   
  Isolated thrombolysis , 240   
  IVC fi lter.    See  Inferior vena cava (IVC) fi lter   

  K 
  Kaposiform hemangioendothelioma (KHE) , 

187, 189, 190   
  Kasabach–Merritt phenomenon (KMP) , 41, 189–190   
  Kidney disease outcomes quality initiative (K/DOQI) 

guidelines , 155   
  Klippel–Trenaunay syndrome (KTS) , 213–215   
  KMP.    See  Kasabach–Merritt phenomenon (KMP)   

  L 
  Latex-free box , 27   
  Liver biopsy , 269, 273   
  LM.    See  Lymphatic malformation (LM)  
  Lymphangiography 

 cisterna chyli , 252  
 complications , 259  
 congenital/acquired leaks , 251–252  
 congenital chyloperitoneum , 252–253  
 contraindications , 254–255  
 diagnostic indications , 252, 254  
 equipment , 255  
 fl uid transport, lymphatic system , 251  
 lymphatic ectasia , 252, 254  
 patient follow-up , 259  
 patient outcomes , 258  
 post-procedure care , 258  
 pre-procedure workup , 256  
 procedure technique 

 anesthesia , 256  
 diagnostic lymphangiogram , 256–257  
 intranodal injection , 256  
 pedal duct cannulation , 257–258  
 thoracic duct embolization , 255, 258, 259  

 unidirectional fl uid transport , 252   
  Lymphatic ectasia , 252, 254   
  Lymphatic malformation (LM) 

 fl uid leakage , 194  
 imaging , 195  
 macrocysts , 194  
 microcysts , 194  
 sclerotherapy 

 agents , 196–197  
 follow-up , 197–198  
 post-procedure care , 197  

 practical tips , 198  
 pre-procedure work-up , 195–196  

 soft tissue and skeletal hypertrophy , 194  
 treatment , 195, 196    

  M 
  Malignant hepatic tumors.    See  Transarterial 

chemoembolization (TACE)  
  Manufacturer and User Facility Device Experience 

(MAUDE) , 393–394   
  Microwave ablation , 395–396   
  Midaortic syndrome , 53, 56    

  N 
  Native wrist fi stulography , 158, 159   
  Nephroureteral stents 

 advantages and disadvantages of , 352  
 distal bladder pigtail loop , 352, 353  
 renal pelvis, proximal loop in , 352, 353   

  Neuromuscular scoliosis , 351   
  Non-imaging equipment , 6–8    
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  Osteoid osteoma (OO) 

 benign bone tumor , 361  
 bone access , 363  
 central sclerotic nidus, sclerosis , 361–362  
 complications , 367  
 contraindications , 363  
 CT-guided resection , 362, 363  
 imaging , 363  
 indication for , 362  
 laser , 363  
 in male patients , 361  
 pain , 361  
 patient follow-up , 367  
 postprocedure care , 367  
 preprocedure workup , 364  
 procedure technique 

 antibiotic prophylaxis , 364  
 biopsy , 365  
 general anesthesia , 364  
 grounding pads, placement of , 364  
 laser ablation , 365–366  
 patient positioning , 364  
 RFA probe , 365  
 skin, ice pack on , 367  
 uninsulated coaxial needle , 365  
 vertebral ablations , 364  

 radiofrequency ablation , 362, 363  
 surgical resection/curettage , 362    

  P 
  Parkes Weber syndrome , 215–218   
  PAVMs.    See  Pulmonary arteriovenous malformations 

(PAVMs)  
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  Pediatric crash cart , 7   
  Pediatric interventional radiology (IR) suites , 5   
  Percutaneous biopsy 

 chest and lung biopsies , 275, 276  
 childhood cancer, SEER incidence rates , 265, 266  
 complications , 277, 278  
 contraindications , 267  
 core needle biopsy , 265, 272  
 defi nition of , 265  
 fi ne needle aspiration , 270–271  
 fi ne screw needle biopsy , 271  
 head and neck , 277  
 histological core biopsies , 277  
 imaging systems 

 computed tomography , 269–270  
 magnetic resonance imaging , 270  
 ultrasonography , 269  

 indication for , 266  
 informed consent , 268  
 kidney , 274–275  
 liver , 269, 273  
 lymph nodes , 277  
 musculoskeletal , 276  
 pancreas , 274  
 patient follow-up , 277  
 patient preparation , 268  
 preprocedural imaging , 267–268  
 sedation , 268  
 spleen , 274   

  Percutaneous nephrolithotomy , 355   
  Percutaneous nephrostomy 

 complications , 351  
 indications for , 346  
 neuromuscular scoliosis , 351  
 procedure technique , 348–350  
 pyonephrosis , 351  
 renal artery anatomy , 347–348   

  Percutaneous transhepatic cholangiography (PTC) 
 balloon dilatation , 332, 333  
 bile ducts, paucity of , 331  
 bile plug syndrome , 336  
 biliary atresia , 329–330  
 biliary lavage , 336–337  
 biliary strictures, causes of , 332  
 catheter placement , 332, 333  
 choledochal cyst , 330–331  
 choledocholithiasis , 337–338  
 complications , 329, 333–334  
 drain insertion , 332  
 22-gauge Chiba needle , 329  
 guidewire insertion , 332, 333  
 infantile sclerosing cholangitis , 331–332  
 internal-external drain placement , 333  
 liver transplantation, strictures , 335  
 puncture site , 329  
 rhabdomyosarcoma , 335–336  
 stricture recurrence , 333  
 success rate of , 329, 333  
 trauma , 338–339  
 two-stage procedure , 333   

  Percutaneous transluminal angioplasty (PTA) , 60, 62–63   
  Periprocedural care 

 clinical care 
 drugs , 21, 25  
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 IV fl uid maintenance and bolus guidelines , 21, 25  
 monitoring record , 25  
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 temperature monitoring , 25  
 time-out checklist , 19, 24  
 vital signs , 20, 25  

 defi nitions and calculations , 18  
 fl uoroscopy 
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 single spot exposures , 27  
 supply kits , 27–28  

 post-procedure care 
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 inpatient, early follow-up , 28–29  
 late follow-up , 29–30  
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 visit note , 28  
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 blood analyses , 20  
 consultations , 19–20  
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 emergency , 23  
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 hematology , 18, 20  
 imaging , 18–19  
 information pamphlets , 23  
 informed consent , 22  
 legal status , 23  
 medications , 21  
 off label , 23  
 one-stop shopping , 21  
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 religious beliefs , 23  
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 radiation protection , 26   
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  Pigtail catheter , 54, 90, 302   
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  PTA.    See  Percutaneous transluminal angioplasty (PTA)  
  PTC.    See  Percutaneous transhepatic cholangiography 

(PTC)  
  Pulmonary arteriovenous malformations (PAVMs) , 

86, 89, 91, 92   
  Pulmonary artery interventions 
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 complications , 91–92  
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 Pulmonary artery interventions (cont.) 
 embolization , 86  
 foreign body removal , 90  
 4 Fr sheath , 90  
 indications and contraindications , 86–89  
 mechanical thrombolysis , 91  
 PAVMs , 86, 89  
 pigtail catheter , 90  
 postprocedure care , 91  
 pre-procedural evaluation , 89–90  
 pulmonary embolism , 85, 87–88  
 sedation/anesthesia , 90  
 snares , 90  
 stent placement , 86, 88  
 treatment outcomes , 91–92  
 ultrasound , 90  
 venogram , 90   

  Pulse spray thrombolysis technique , 236–238   
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  Radiofrequency ablation (RFA) 

 air embolization , 394  
 bile duct injury , 393, 394  
 contraindications , 393  
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 equipment and procedure technique , 392, 393  
 hemoptysis , 394  
 increased core body temperature , 394  
 indications for , 391–392  
 MAUDE database , 393–394  
 nerve damage , 394  
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 pain , 394  
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  Recombinant tissue plasminogen activator (r-TPA) , 302   
  Renal arteriography 

 anticoagulation , 54  
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 cobra-shaped catheters , 55  
 congenital rubella syndrome , 54  
 DSA imaging , 55  
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 angiomyolipomata , 65, 67, 68  
 arteriovenous fi stula , 65, 67, 68  
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 post-biopsy hemorrhage , 64–65, 67  
 postprocedure care , 63  
 stents , 64, 66  
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 intrarenal aneurysms , 59, 65  
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 stenosis , 57, 60, 65  
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 trauma , 53, 58, 59  
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 tumor encasement , 54  
 ultrasound guidance , 54  
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  RFA.    See  Radiofrequency ablation (RFA)  
  Rotex® needle , 271    
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  Sclerosing cholangitis , 331–332   
  Sedation 

 guidelines , 35  
 hard board placing , 37–38  
 iodine-containing contrast , 38  
 medications 

 ketamine , 36–37  
 ketoroloac , 35–36  
 narcotics , 36  

 mock codes simulation , 38  
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 unrecognized and unanticipated diffi cult airway , 38   

  Snares , 90   
  Society of Pediatric Interventional Radiology (SPIR) , 4   
  Splenic biopsies , 274   
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  TACE.    See  Transarterial chemoembolization (TACE)  
  Takayasu’s arteritis , 53, 57, 59   
  Telangiectatic osteosarcoma , 368   
  Temperature control , 7   
  Thermal therapy 

 cryotherapy , 395  
 irreversible electroporation , 396  
 microwave ablation , 395–396  
 osteoid osteoma , 362  
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ablation (RFA))  
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  Thoracic CT-guided biopsy , 269–270   
  Thoracic duct embolization (TDE) , 255, 258, 259   
  Thrombectomy , 7, 160–161, 232–233, 237   
  Thrombolysis , 7  

 arterial thrombosis , 244  
 catheter-directed thrombolysis , 86, 87, 89, 228  
 endovascular thrombosis , 232  
 heparinization , 229, 241  
 isolated thrombolysis , 240  
 mechanical thrombolysis , 91  
 PTS , 225  
 pulse spray thrombolysis technique , 238  
 venous thrombosis , 240, 241   

  Thyroglossal duct cysts , 285   
  TIPS.    See  Transjugular intrahepatic portosystemic 

shunt (TIPS)  
  Tissue plasminogen activator (TPA) , 230, 231   
  Transarterial chemoembolization (TACE) 

 chemotherapeutic agents , 404  
 complications , 405  
 contraindications , 402  
 follow-up , 405  
 indications , 400–401  
 methylprednisolone , 404  
 particle embolization , 404  
 postprocedure patient care , 405  
 preprocedure medications , 404  
 preprocedure workup , 402–404  
 visceral angiogram , 404   

  Transjugular hepatic biopsy , 273   
  Transjugular intrahepatic portosystemic 
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  Transparent mobile lead screens , 7   
  Trellis® peripheral infusion system , 232, 233   
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  Ultrasound (US) scanner , 5–6   
  Ureteral stents 
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 double-J stents , 352–354  
 0.035-inch stiff wire , 353  
 indications for , 351–352  
 nephroureteral stents , 352, 353  
 strictures, balloon dilatation for , 353   

  Urinomas , 346, 347, 356    

  V 
  Varicocele 

 Bähren classifi cation , 134–137  
 causes , 133  
 diagnosis , 134  
 follow-up care , 138  
 indications , 134  
 infertility , 133  
 occluding agents 

 absolute ethanol , 137  

 coils , 137  
 Glue ( n -butyl cyanoacrylate) , 137  
 sotradecol , 135  
 STS foam , 136  

 postprocedure bed rest , 138  
 treatment 

 complications , 138  
 embolization , 137–138  
 outcomes , 138–139  
 surgery , 137   

  Vascular access service , 13   
  Vascular anomalies 

 arteriovenous malformations (AVM) , 179  
 embolization , 178  
 global catheter angiogram , 181, 182  
 lymphatic malformation , 178–181  
 prophylactic medications , 181, 183  
 vascular malformations   ( see  Vascular malformations) 
 vascular tumors   ( see  Vascular tumors)  

  Vascular malformations , 13, 178  
 capillary malformation (CM )  , 193–194  
 complex combined vascular malformations 

 Klippel–Trenaunay syndrome , 213–215  
 Parkes Weber syndrome , 215–218  

 Foley catheter , 178  
 high-fl ow vascular malformations   ( see  Arteriovenous 

fi stulae (AVF); Arteriovenous malformations 
(AVM)) 
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 lymphatic malformation   ( see  Lymphatic 
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 magnetic resonance venous malformation , 178, 180  
 sclerotherapy , 178  
 ultrasound venous malformation , 178, 180  
 venography , 181, 182  
 venous malformations   ( see  Venous malformations 

(VM))  
  Vascular tumors , 178  

 congenital hemangiomas (CH) , 184–186  
 infantile hemangioma , 177, 183–184  
 infantile hepatic hemangioma (IHH) , 184, 186–188  
 KHE , 187, 189  
 KMP , 189–190  
 magnetic resonance parotid hemangioma , 178, 179  
 treatment 

 angiogenesis inhibitors , 191  
 catheter angiography and embolization , 187–193  
 debulking , 191  
 intralesional corticosteroid injection , 191  
 oral beta-blockers , 191  
 prednisone , 191  
 surgical excision , 191  

 tufted angioma (TA) , 187, 189  
 ultrasound parotid hemangioma , 178, 179   

  Venous malformations (VM) 
 blue rubber bleb nevus syndrome , 199  
 imaging , 199–200  
 intralesional coagulopathy , 199  
 muscle wasting , 199  
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 Venous malformations (VM) (cont.) 
 sclerotherapy 

 follow-up , 204  
 gauge needle , 200  
 outfl ow control , 200, 203  
 post-procedure care , 203–204  
 practical tips , 204–206  
 pre-procedure work-up , 200  
 sclerosant agents , 201  
 ultrasound , 200, 202  
 venography , 200, 202  

 treatment , 200   
  Venous thrombosis 

 bloodwork , 240  
 history and physical examination , 240  
 indications/contraindications , 239  
 mechanical thrombectomy , 241  

 multidisciplinary discussion , 240  
 patient follow-up , 242  
 postprocedure care , 241  
 preprocedural imaging , 239–240  
 thrombolysis equipment , 240  
 venography and venoplasty , 241   

  Video-assisted thoracoscopic 
surgery (VATS) , 297    
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