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PREFACE TO THE THIRD EDITION

Thefirst edition of diagnostic radiology on Paediatric Imaging was published in 1997, while the second edition followed
in 2004. The ever-evolving field of radiology and our commitment to our readers has motivated us to publish the third
edition now.

Rapid advances are taking place in the field of imaging. This resultsin the need for re-evaluating and redefining the
role of a modality in different clinical scenarios. Coupled to this, particularly in paediatric radiology is the need for
ensuring patient safety. The industry has made significant attempts to minimize radiation exposures in imaging and this
is pre-requisite that cannot be over-emphasized in children. Paediatric radiology is already awell-established subspecialty
in the West, but in the developing world due to the paucity of trained radiologists in proportion to our population, every
practicing radiologist needs to be aware of the special needs and disease entities in children.

The third edition of the book has been designed to include current recommendations, guidelines and existing
knowledge on the subject. The content of all chapters has been updated, while some have been significantly restructured.
New chapters have also been added. It is our earnest hope that our readers will find this text informative and that it will
aid in their learning process and daily practice.

We wish to thank all the contributors from the institutions, i.e. All India Institute of Medical Sciences, New Delhi;
MaulanaAzad Medical College, New Delhi and Postgraduate Institute of Medical Education and Research, Chandigarh
for their efforts in updating this edition. We would also like to express our sincere appreciation to Shri Jitendar P Vij,
Chairman and Managing Director, Mr Tarun Duneja (Director-Publishing), Mr Subrato Adhikary (Author Co-ordinator),
Mrs Samina Khan (PA to Director-Publishing) and other staff of M/s Jaypee Brothers Medica Publishers (P) Ltd, for
their professionalism and dedication towards publication of this edition.

Arun Kumar Gupta
Veena Chowdhury
Niranjan Khandelwal






PREFACE TO THE FIRST EDITION

If we are to reach real peace in thisworld and we are to carry on real
war against war; we shall have to begin with children

MK Gandhi

Just as paediatrics is now justifiably recognized as a specialized area of medical practice, so has paediatric radiology, in
recent years gained recognition as a specialized branch of general radiology requiring specific knowledge of the diseases
of the young.

Children are not merely “little people” or “young adults’, nor are the disorders to which they are particularly
susceptible, merely variants of the diseases of adult life. The paediatric radiologist therefore must deal with many
disorders, some of which are encountered only in the young and others only in the newborn. This book although not a
complete text on paediatric radiology, isaimed at touching upon some aspects of basic and up-to-date paediatric radiol ogy.
It covers both conventional radiology and advances in imaging. This incorporates a collaborative effort of many
distinguished teachers who have contributed in their own ways giving us a unique opportunity to share the art and science
of radiology.

However, reader must remember the words of Dr John Caffey, the father of Paediatric Radiology “A diagnosisis not
made from a single type of examination such as a radiograph, but rather from a cluster of findings derived from history,
physical examination and laboratory studies including a radiograph”. Reader must therefore always remember the basic
rule to interpret radiological featuresin the background knowledge of clinical and biochemical information. Our goal in
this book has been to be concise, relevant and reader-friendly. We hope the readers will find it useful.

We wish to take this opportunity to thank Prof K Subbarao, Dr Ashok Khurana and our faculty colleagues from
AlIMS, MAMC and PGIMER, for their active support, coordination and timely submission of the manuscripts. We also
express our sincere thanks to the publishers M/s Jaypee Brothers Medical Publishers (P) Ltd for timely publication of
thisvolumein the series of AIIMS-MAMC-PGI Imaging Courses in Diagnostic Radiology.

Manorama Berry
Sudha Suri

Veena Chowdhury
Arun Kumar Gupta
Sudha Katariya
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SECTION 1—GENERAL

1

Technical Considerations in
Pediatric Imaging

Ashu Seith Bhalla, Arun Kumar Gupta, Amar Mukund

Technical factors such as the ability to position the patient and
expose the radiograph with the patient immobile, which are often
taken for granted in adult radiography, may appear as crippling
problemsin pediatric radiography. For this reason and because of
the importance of minimizing radiation to the child, special
attention must be paid to certain technical points. These will be
discussed under the following five broad groups:
[. Minimizing heat l0ss

[1. Immobilization

[11. Sedation

IV. Reduction of radiation dosage

V. Use of contrast media

MINIMIZING HEAT LOSS

Neonatesand infants|ose body heet rapidly, therisk of hypothermia
being greatest in the premature baby with little subcutaneous fat.
L ocal warmth may be obtained by special table-top heating cradles,
but the most convenient way of avoiding heat lossisto maintain a
room temperature of about 27°C in room. A room thermometer is
an important piece of equipment. Enhanced humidity is not
normally required for the duration of an X-ray exami nation.

IMMOBILIZATION

Atraumatic immobilization is essential in order to ensure proper
positioning and to minimize patient motion. Newborn babies and
small infants need only soft sandbags and adhesive tape to stop
movement. Towels and sheets can also be used to tightly wrap
babies. Older, stronger children require wrapping on immobiliza-
tion boards in addition to tape and sandbags. Special X-ray
equipment is available which is designed specifically for the
examination of infants and children. The essential factors for an
immobilization device are (1) absence of artifacts, (2) safety, (3)
no disturbance of the patient’s sedation, and (4) ease of handling.
It is not always possible to accommodate older children on such
apparatus. Cradle holding devices are provided which enable the
infant to be rotated in relation to the tabletop. When this type of
equipment is not available, views such asthe prone shoot through
swallow for tracheoesophageal fistulamay be obtained by using a
device such asthe Charteris baby holder inverted on the step of an
up-right adult screening table.:

SEDATION

Onefundamental technical component for imaging isthe need for
the child to remain motionless during the duration of imaging.
Babies and infants under 6 months of age will often sleep after a
feed and may not need sedation unlessthey areknown to berestless,
or the procedure is painful. Adjunctive measures such as sleep
deprivation can a so beuseful. Inolder children verbal reassurance
may be sufficient. Venous access produces less disturbance if a
cannulaisput in place after the areahas been treated with atopical
gel. Two possible area can be prepared about 30 mins before
injection. Small gage needles are used, often 22 to 25 gage.
Warming of contrast medium makesinjection through fine needles
easier and less painful 1*°

Sedation, however, isoften necessary, especially for procedures
like MRI dueto itslong duration, and for interventions due to the
pain involved. Once it is deemed that both the procedure and
sedation are necessary, every effort must be madeto provide saf ety
for the child. Evenif theradiologist isnot directly responsiblefor
the sedation procedure, he or she must expedite the procedurein
order to minimize the length of sedation. The timing of sedation
and of the procedure need careful coordination.™®

Monitoring the patient in the radiology site is not an easy
task for the clinicians. Observing children from the CT or MRI
control room through a glass window is much more difficult for
the clinician than direct observation at the bedside and increases
their reliance on monitoring devices. Hence, adequate monitoring
devices should be available. Pulse oximetry is commonly used
during sedation. Monitoring is further complicated during MRI
because the scanner generates strong static, radio-frequency and
time varied magnetic fields which interfere with the monitoring
devices. New nonferromagnetic monitors and cables have been
deviced which are safe and reliable within the scanning suite.
Standard ferromagnetic monitorsif used need to be placed outside
the magnetic field or carefully shielded.*®

Theradiology suiteisalessthanideal environment for dealing
with respiratory arrest or cardiovascular collapse. Hence, the most
important prerequisite to sedation is the availability of adequate
equipment for resuscitation and personnel experienced in managing
sedation complications. If theradiology suiteisnot equipped with
wall outletsfor oxygen and suction, portable oxygen cylindersand
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suction apparatus should be available. Also, acart with resuscitation
drugs, defibrillator, and age and size appropriate equipment for
different age groups and body sizes for purpose of oxygen
administration and intubation are absolutely essential .*°

Risk factors must be taken into consideration before planning
sedation. If the child’s condition istenuous enough for sedation to
be a significant risk, precautionary measures like securing the
airway should be taken before the child arrives in the radiology
department. Knowledge of both the past and the present medical
history isequally important.

NIL PER ORALLY (NPO) STATUS

Aspiration is a significant concern in sedated children and NPO
guidelines should be as stringent as those in children undergoing
general anaesthesia. Guidelines recommended by American
Academy of Pediatrics Committee on Drugs (AAPCOD) are as
follows: clear liquids are allowable up to 2 hours before the
procedure for any age; semisolid liquid (including breast milk)
and solid foods are acceptable for up to 4 hours for children less
than 6 months, 6 hoursfor children 6 to 36 monthsold and 8 hours
for older children. Whenever possi bl e these recommendations must
be followed. Bowel obstruction or ileus are other factors that
increasetherisk of aspiration becausethey delay gastric emptying.
In these patients, nasogastric suction of gastric contents should be
performed and agents given that promote gastric emptying, such
as metoclopramide. The actual risk of aspiration in children
undergoing diagnosticimaging, isunknown, but it is probably quite
low. In onerecent report, aspiration of gastric contrast was present
in no more than 4 percent of children undergoing CT scan
examination in a setting of trauma.*®

The practice of administering oral contrast material in children
before sedation for abdominal CT is controversial. At some
institutions, the practice of administering an enteric contrast
material before sedation is being discouraged because it violates
the “nothing by mouth” status that is otherwise strictly enforced
before sedation. However, recent studies have indicated that oral
contrast appears to be safe when using the sedation drugs like
chloral hydrate and propofol. Further study of the safety of this
practice isrequired.’

Pharmacological Agents

Several different agents have been successfully used for sedation
of children for imaging studies. The choice of the agent depends
on availability, local expertise and patient risk factors. The route
of administration could be oral or parenteral. Intravenous route
has the advantage of faster onset and reliable titration of dose.
Other non-parenteral routes include the intranasal or recta route.
The most commonly used sedative agents bel ong to one of the
three classes of drugs:
1. Barbiturates,
2. Benzodiazepines, or
3. Narcotics.
The most often used bar biturateis pentobarbital. Othersbeing
methohexital and thiopental sodium. Pentobarbital and Quinalbar-
bitone are safe, effective oral agentsin children under the age of

5 years. The benzodiazepines include diazepam and midazolam.
Diazepam isnot used routinely asasedative for diagnosticimaging
in children. Respiratory depression isthe most important concern
with barbiturates while vomiting is often seen with midazolam.
Narcoticsare commonly used asan adjunct to other sedative agents
in situations where pain control is desirable in addition to
sedation.*®

Besides these three groups of drugs, other commonly used
agents include triclofos, chloral hydrate, propofol, ketamine and
a combination of meperidine (Demerol), chlorpromazine
(Phenargan) and promethazine (Thorazine) {also known as
DPT, or the “lytic” cocktail}, injected intramuscularly. Triclofos
(pedicloryl) is agood sedative agent which can be used orally to
sedate infants and children <5 year undergoing procedure or
imaging. Maximum dose of 70-100 mg/kg body weight may be
given.® Years of experience, ease of administration, and an
excellent safety record have made chloral hydrate the most widely
used sedative for children undergoing radiologic imaging. It is
most effective in children under 2 years of age. Use of propofol
by radiologists is not widespread due to its anaesthetic properties.
Ketamine is a safe and effective agent for pediatric outpatient
sedation and analgesia. K etamine can be given by multiple routes
and is one of only a few agents that are extremely predictable
when administered intramuscularly. Furthermore, unlike
benzodiazepines, barbiturates, and sedative/hypnotic agents;
ketamine seldom causes respiratory depression. Ketamine,
however, may cause raised intracranial pressure and should not
be used when this is an issue. DPT has been popular as an
analgesic and sedative to facilitate a variety of painful or anxiety-
provoking procedures in children, but prolonged sedation times
and the possibility of respiratory depression argue against the use
of DPT in any setting. Table 1.1 enlists the routes and doses of
frequently used sedatives.*®

REDUCTION OF RADIATION DOSAGE

Itisessential to limit the dose of ionizing radiation to children as
much as possible. Based on information concerning the effects of
low-dose radiation to atomic bomb survivorswho wereirradiated
as children with doses that are comparable to those received by
childrenin helical CT, itisnow known that thereisastatistically
significant, albeit, small individual risk for excess cancer in patients
with doses used in CT. Children are more sensitive than adults by
afactor of 10 becausefirstly, they have moretimeto expresscancers
than do adults and also because they have more dividing cells.
Also, girls are more sensitive than boys. Hence, applying the
ALARA principle in imaging becomes especially important in
children. Gonad protection especially is essential.’®*2 Reduction
of dose during an examination can be done at several levels, i.e.
rational use of referral criteria, modification of equipment and
technique. The most important prerequisite is the evaluation of
need for an examination and the choice of most suitable modality
accordingly. Specific pediatric adaptation of equipment such as
restriction devices, tubesfor immobilization and aremovablegrid
arevery useful for dose saving. Besides modification of equipment,
operator dependent factors, i.e. the technique is equally
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Table 1.1: Sedative agents and antagonists for pediatric imaging*®

Agent Class and Route * Effect and Onset Dose Duration
Chloral hydrate PO (PR) Sedative 50-100 mg/kg; up to 120 mg/kg. 30-90 min
reported. Maximum single dose 2 g
Pentobarbital sodium Barbiturate Sedative 2-3 mg/kg dose titrated over 40-60 min
IV (PO, IM) 5-10 min 5-7 min until sedated, maximum
cumulative dose of 8 mg/kg or
150-200 mg
Fentanyl citrate Narcotic Analgesic with 1 mg/kg slowly IV over 5 min; 30-60 min
\% sedative properties adult-size paitents 25-50 mg/dose;
1-2 min maximum cumulative dose 4 mg/kg
Midazolam Benzodiazepine Sedative, anxiolytic, 0.02-0.05 mg/kg; titrate using half of 20-30 min
IV (PO) amnestic original dose (over 2-4 min) based on
1-5 min (V) effect and oxygen saturation;

maximum of 1 mg

IV—Intravenous, IM—Intramuscular, PO—Per os, PR—Per rectum. Preferred route listed first with alternate routes in brackets

important.*>*® Two major areaswhere reduction of radiation dose
are critical are:

1. Radiography and fluoroscopy

2. Computed tomography

Radiography and Fluoroscopy

In procedures involving radiography and fluoroscopy, radiation
dose reduction can be achieved at two broad levels:

A. Radiographic equipment factors

B. Operator dependent techniques

Radiographic Equipment Factors

» Useof increased film-screen sensitivity

» Useof digital radiography

e Addition of filtration

* Useof carbon fiber materials

e Influoroscopy

Modernimageintensifiers

Pulsed fluoroscopy

Last image hold up system

Dynamic recording on videotape for screening procedures.
Potential reduction using these changes have been studied by

many investigatorslike Gozalez et al (1995), Martin et al (1994),

Mooney et al (1998), etc. who found dose reduction ranging from

30 to 85 percent.}+1¢

Screen-Film Combinations

The choice of the optimal screen-film combination hasthe greatest
impact on dose reduction. The higher the sensitivity of the screen-
film combination, the lower the patient dose. A dose reduction by
afactor of 8to 10 in comparison to universal screensis possible
when rare earth screens with a high speed are used. Generally
speaking, for routine examinations (with the exception of some
bone disease like osteomyelitis, battered child), screens with a
speed of at least 400 should be used. Some authors recommend
systems with a speed of 600 because the radiation doses are
minimum and their use permits very short exposure times, which

also prevents motion blurring artifacts. These advantages outweigh
the slightly lower resolution.*>*

Digital Radiography

Phosphor plates are now frequently used for intensive care
radiography and even portable DR systems are available. Most
modern CR and DR systems now effectively offer substantial
patient dose reduction compared to screen-film radiography,
however in pediatric radiography this may not be true due to lack
of standardization in exposurefactors dueto lack of understanding
of fundamentals of CR and DR technology.'®° Moreover, other
advantages of digital radiography are the fact that images can be
stored and transferred electronically. Repeated exposures are no
longer necessary because the contrast resolution is sufficient over
awider range than with conventional screen-film combinations;
in particular, fine cathetersand tubes are clearly seen. Also modern
equipment haveintegrated ‘ diagnostic referencedoselevels'. This
is defined as dose levels for typical examinations for groups of
standard sized patients. Using these presets, exposure can be
adjusted as per the patient’s size and hence dose may be reduced.
Despite these advantages, these may be counterbalanced by dose
increases due to the radiographer’s unawareness of possible
overexposure, sincethevisiblefilm blackening is standardized by
the reading mechanism of thelaser imaging device. So, in order to
reduce the radiation dose all guidelines implemented for
conventional radiography, including appropriate collimation,
appropriate source-to-image distance (SID), focal spot size, and
patient positioning should be practiced in digital techniques as
well 1819 |t should be emphasized that while doing various portable
examinations and pediatric applications requiring manual tube
settings, special care should be taken as there may be unnoticed
increase in exposure.

Additional Filtration

Additional filtration can reduce the entrance surface dose
considerably up to about 50 percent, depending on the material
used. Its use has the disadvantage that the image contrast is
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deteriorated and the tube load isincreased. Adjustable additional
filtration should be available for al X-ray tubes, which are used
for pediatric exposures (Bucky tables, fluoroscopic equipment and
mobile X-ray units). The recommended materials for additional
filtration are 1.0 mm aluminum and 0.1-0.2 mm copper. Steel
filtration (0.7 mm) can also be used.*2%0!

Use of Carbon Materials

Theuse of carbon materialsfor patient support, in anti-scatter grids
and for the radiographic cassette face, allows transmission of a
larger portion of the X-ray beam. The overal reduction in the
absorbed dose due to this measure is in the range of about 30
percent to more than 50 percent.*3

Fluoroscopy

Image intensifiers: Direct dark room fluoroscopy delivers higher
radiation dose to the patient than fluoroscopy with image
intensification, and produces images of lower quality. The use of
direct fluoroscopy should hence be discontinued.

Also, the size of theimage intensifier determinesthe receptor
dose rate. The rule is that because of the need for constancy of
brightnessat theimageintensifier input, smaller sizes of theimage
intensifier require higher dose rates. A similar increase in dose
occursif electronic magnification isused. Two different doserates
should be available in order to select the lower dose for simple
follow-through contrast studies, such asthe barium enema, and to
switch to the higher doserateif ahigh contrast examineisneeded,
such as the tracheoesophageal fistula. Electronic magnification
during fluoroscopy should be restricted to rare cases.*>*3
Pulsed fluoroscopy: Pulsed fluoroscopy with and without grid
controlled tubes reduces the effective screening time and hence,
the dose can be dramatically reduced.*?*3
Last image hold up system, Dynamic recording on videotape for
screening procedures. Use of these techniques essentially
contributes to a decrease in screening time by the operator and
thus the dose. 1>
Flat panel detector units. Recently flat panel detector units have
been introduced for fluoroscopi ¢ and angiographic use. These units
offer high quality images. However the available studies do not
show these units to be superior to conventional units with image
intensifiersin reducing the radiation dose.?2% Hence, the guidelines
implemented for conventional fluoroscopy should be followed to
reduce patients dose.

Operator Dependent Techniques
 Fieldsize
* Focusfilm distance
* Useof highvoltage
» Shielding of sensitive organs
e Beamdirection
e Avoid use of anti-scatter grid
*  Minimizing fluoroscopic time
e Decreasein number of films
Studies in the previous decade have shown that operator
dependent changes could lead to dose reductions of about
30-50 percent with no increase in the cost.

Field Size

Thisisthe most important and most variable factor in the amount
of radiation dose imparted to the patient and hence accurate field
collimation should be meticulously followed. This is especialy
important in children because an increase in the field size in
pediatric patients will cause a proportionally greater increase in
individual exposure as compared to adults. Thisrelatively higher
increase is due to the smaller anatomical size of young patients.
Compared to adults a similar edge length increase in pediatric
patients will lead to a larger percentage of the body surface area
being irradiated. Also because, upto 35 percent of the red bone
marrow of infants is in the long bones of the arms and the legs,
correct patient positioning and collimation in the transverse axis
isalso important when chest and/or abdominal filmsaretaken.*>*®

The actual field size also depends on a correctly functioning
collimating system. In most machines, an automatic setting prevents
collimation of radiographic exposure even if fluoroscopic field is
collimated. Thiscan beidentified and switched off*>?* (Figs 1.1A
and B).

Five frequent reasons for bad collimation in daily practice,
and consequently for oversized field areas, are:
» Lack of knowledge of age dependent anatomy
» No information on pathology
 Difficulty in patient positioning
 Difficulty in patient immobilization
 Difficulty in handling of the X-ray equipment

Permanent training and supervision of the technicians and
young radiologists is needed to optimize collimation, especially
in neonates. |n a European survey on neonatal chest radiography
only 15 percent of thefilmshad an acceptablefield size.®® In chest
X-ray inadvertent exposure of both the skull and the abdomen,
and in abdominal films of both the chest and the legsistoo high,
thereby increasing the red bone marrow dose. Up to 40 percent of
the red bone marrow of infants and toddlers is in the skull, and
25 percent in the femora of premature babies. ™

Focus Film Distance

The radiographer should always try to select the largest possible
focus-patient distance during radiography. For examplethe longest
distancesare used for the upright anteroposterior spinefor scoliosis
(up to 300 cm). On the other hand, the focus-film distances (FFD)
for X-rays performed with mobile unitsin neonatal wards (mainly
chest and abdominal films) are often too short (less than 80 cm,
sometimes even less than 60 cm). Idedlly, the focus-film distance
should be at least 100 cm. Incorrect and varying focus-film
distances are the most important factor responsible for over-
exposure of patientsin the intensive care units.>*

Use of High Voltage

In terms of radiation protection, there is an important relationship
between the absorbed dose and the voltage used. A reduction in
the kV causes a steep increase in the relative dose. A basic rule
of radiation protection isthat voltage values below 60 kV should
not be used for X-rays of the body, trunk and head. The highest
possible kV should be used. An increase in the voltage up to
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Figs 1.1A and B: MCU, AP view bladder area (A) without automatic
setting switched off showing unsatisfactory collimation, (B) With the
setting is switched off, desired collimation is achieved

120 kV can diminish the dose dightly further, but is not at all
useful in infants and young children because the image contrast
is significantly degraded. Many generators cannot cope with the
short switching times needed for high kV exposures. When
voltage settings above 50 kV are used for small patients, one
should use additional filtration to counterbalance the very small
mAs-product, and thus allow for longer switching times.1#1324
Anincrease in patient thickness causes an enormousincrease
in the required dose. The anteroposterior diameter in children up
to one year of ageisonly 10-12 cm and is about 15 cm in older
children up to five. In patientswith abody diameter above 15 cm
thedoseincreaseisvery steep. In order to deal with theserelatively
higher doses in school children, one should at first increase the
kV-setting to avoid an undesirable concomitant increasein exposure
time. This simple relationship is also important for fluoroscopy
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Figs 1.2A and B: Pelvis AP view: (A) Taken at 48 kV and 8 mA, (B)
Taken at 58.5 kV and 3.6 mA. No significant difference in image quality,
dose reduction by 28 percent in high kV technique

when |ateral views haveto be performed during voiding cystoure-
thrography. Increasing the kV not only reduces the dose but also
shortens the exposure time and thereby reduces motion blurring
artifacts. However, the scatter will be increased with the use of
higher kV. Scattered radiation can be diminished if theirradiated
volume can be kept small by good collimation.*?

Inastudy inour department at AIIMS, the use of high kV and
low mA in radiographi c exposureswas studied during micturating
cystourethrograms, under fluoroscopic guidance. ThekV used was
about 25 percent higher and mA about 50 percent lower than the
routinely used parameters. It wasfound that the resultant dose area
product (DAP) va ue per radiograph during an exposure was 25-28
percent lower than the DAP value per radiograph at the routinely
used parameters when the same degree of collimation was used,
and comparable image quality was obtained®® (Figs 1.2A and B).
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Low kV settingsfor the bonesareonly rarely needed for special
indications, i.e. mostly for special skeletal disorders (osteogenesis
imperfecta, etc).!?

Shielding of Sensitive Organs

The best gonadal protection is tight collimation to exclude the
gonads from direct exposure. If this is not possible, gonadal
shielding should be used. It is recommended that the gonads
should be shielded when they are directly in the X-ray beam or
within 5 cms of it, unless such shielding excludes or degrades
important diagnostic information. Various gonadal shields are
available. Every pediatric radiology department must have
different size shields for the various age groups. Contrary to
genera opinion, it has been shown that shields like lead capsules,
can be used in over 90 percent of cases for avoiding micturition
cystourethrography without overshadowing the urethra, and even
for pelvic examinations.

Effective protection of the ovaries is more difficult because
these generally lie within the pelvis."® Ovarial masks (fixation of
the shadowing material at the collimator) should be preferred over
contact shielding which can be easily displaced during the
examination, thereby possibly shadowing the hip joints causing a
need for retakes.?>26:27

Beam Direction

Another important aspect for patient exposureisthe beam direction
{anteroposterior (AP)/posteroanterior (PA)}. The standard AP
projection can be replaced by prone positions for alarge number
of examinations (Table 1.2). For example, the gonadal and breast
tissue dose in gastrointestinal or urographic examinations can
greatly be decreased using PA instead of AP projection. In addition
patient thicknessis decreased by compression of the belly in prone
positioning, thereby decreasing the scattered dose.*?

Anti-scatter Grid

Scattered radiation plays no major role in pediatric patients. Use
of anti-scatter grid increases patient dose by afactor of 3to 5. No
grid is needed if the object thicknessisless than 12 cm. No anti-
scatter grid is needed for chest X-ray in patients upto 8 years of
age, for the infant hip, for abdominal filmsin infants or for most
of the fluoroscopic examinations (with the exception of double-
contrast examinations of the gastrointestinal tract studiesin older
children). However, a grid is needed for imaging of fat patients
(diameter over 15 cm) and for high kV exposures (over 90 kV). A
grid ratio of 8:1 is sufficient for all pediatric examinations,'>3%

Innearly all pediatric fluoroscopic examinations, gridsare not
needed, because no significant scatter is produced, especially when
collimation is good. A removable grid is essential for pediatric
fluoroscopy equipment. Gridless screening may reduce the
radiation dose by as much as 50 percent. Infants under 1 year of
age are always examined with the explorator grid removed since
thereis little scatter and no appreciable loss of detail. When fine
detail such as mucosal pattern is not required, gridless screening
may be used in children upto 5 years of age.11213%

Table 1.2: The possible use of posterior-anterior beam projec-

tion for radiographic examinations in pediatric patients

Radiographic Examinations Clinical Setting Critical Organ

Skull Trauma, Lens
ventriculoperitoneal shunt

Chest in lateral Foreign body aspiration, Breast

decubitus empyema

Abdomen in lateral Bowel perforation, Breast

decubitus ileus

Spine Scoliosis Breast, gonads

Abdomen post-contrast Intravenous urography Breast

films

Abdomen Enteroclysis Breast

Minimizing Fluoroscopic Time

Themost important factor for dose reduction in fluoroscopy isthe
limitation of screening time. This depends mostly on the clear
definition of the clinical questions, on the patient’s disease and on
the radiologist’s experience. Reduction of fluoroscopic time can
be achieved by modifying some practices as a habit. Techniques
like collimating fluoroscopic field before placing the child on the
table and use of fluoroscopy only after satisfactory positioning of
the child and the explorator are useful 1324

Decrease in Number of Films

Tailoring an examination based on clinical problem and minimizing
the number of films can significantly reducetheradiation dose.>**

Computed Tomography (CT)

Various studies have established that CT scans performed in
children result in asignificantly increased life time radiation risk
over adult CT, both because of theincreased dose per milliampere
second aswell astheincreased lifetime unit dose. Thisunderlines
theimportance of dosereductionin pediatric CT examinations. In
older helical CT scanners parameters were not adjusted on the
basi s of examination type or age of the child so that most pediatric
CT scans were performed using the same parameters as for adult
CT. Donnelly et al suggested anumber of techniquesfor minimizing
radiation dose in pediatric helical CT. Most important of these
include reduction in mA and increasein pitch.%*3!

Doseis directly proportional to the product of scan time and
tube current. Hence, keeping other parameters constant, absorbed
dose showsalinear relationship with mA. Thishasbeen shown by
numerous investigatorsincluding Fearon et al and Donnelly et al
in phantom studies.®**! Selection of most appropriate mA is a
compromise between image quality and radiation dose. Phantom
experiments have shown that anincreasein mAswill alwaysresult
in a decrease in image noise and thus an improvement in image
quality. But at high tube current settingsthe gain inimage quality
will not be significant. Tube current should be adjusted to provide
the lowest dose consistent with adequate diagnostic quality. A
technique chart that relates current to patient’s weight is
appropriate. Scan time can be shortened by more rapid gantry
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rotation or by decreasing beam rotation to lessthan afull 360°. In
general, the fastest scan time that uses full rotation should be
used_31,33

Similarly it has been seen that radiation dosein helical CT is
inversely proportional to the pitch used. When pitch is doubled,
radiation dose gets halved.®!

Thedoseincrease caused by increasing kilovoltageisnot linear,
and isgreater than often appreciated. An increase from 120 to 140
kilovoltage peak increase dose by approximately 40 percent.
Pediatric patients are rarely large enough to warrant the use of
increased kilovoltage peak >

Newer multidetector CT scannersare equipped with automatic
exposure control system (AEC) under different names (Care dose
4D, Dose right, AutomA etc.). These dose modulation systems
work invariousways, so asto adjust the radiation dose according
to the patient’sbody size and attenuation. AEC reducesthe patient’s
dose without compromising image quality.>**® The radiation dose
is essentially reduced by controlling the tube current which is
performed by three methods. These methods are based on (@)
patient size, (b) z axisand (c) angular or rotational AEC. Most of
the scanners use combination of all these methods.* The scanner
usesthe projection radiograph data (topogram/scanogram) to assess
size and attenuation of patient and accordingly dose is modul ated
using patient sizeand z axis. Inangular AEC, the doseis modul ated
so as to equalize the photon flux to the detector while the tube is
rotating. This is needed because the human body is non circular
and hencethe attenuation of thebeam variesat different projections.
Generally lateral projections are more attenuating than antero-
posterior projections. By using AEC thereisconsiderablereduction
in the magnitude exposure dose, in the range of 35-60%.% AEC
thusishel pful inreducing the patient’ s dose, especially in pediatric
Cases.

Despite these devel opments following facts should always be
taken into account while performing aCT in pediatric cases. In a
neonate approximately 30 percent of the marrow is contained in
the skull and the marrow absorbed dose for aCT brain examination
in a 6 years old patient phantom has been reported to be even
higher than that for a CT chest or abdomen examination.
Therefore, high priority should be given to dose reduction
measures for head scans in children. Results of a study in our
department at AIIMS also showed that a reduction of mAs from
115 or 141 mAsto 77 or 94 mA, which represents a 53-65 percent
reduction in dose did not result in any significant difference in
diagnostic accuracy athough there was adlight reduction in image
quality which was also not statistically significant,’ (Figs 1.3A
and B). Chest is a naturally high contrast area because of large
attenuation differences that result from the presence of air in lungs
and fat in mediastinum. Scans of objectswith large differencesin
attenuation values such as lungs are less likely to be sensitive to
image noise as image noise mainly affects low-contrast resolution.
So, low doses may be used. Low radiation dose technique was
used by Rogallaet a intheir study of chest CT. Rogallaet a had
found that although there is no consensus regarding which mA
setting may be regarded as ideal low dose technique for spiral
CT scanning of pediatric chest, 25-75 mAs is sufficient for lung
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Figs 1.3A and B: CT head at 94 mA (A) and at 206 mA (B). No
significant difference in overall image quality. Radiation dose in A is
50 percent of B

window and 50-75 mAs for mediastinal window. A mA of 77
(57.5 mAs) time represents a nearly 67 percent reduction in dose
as compared to mA of 240 (180 mAs) with no significant loss of
diagnostic information.® Our departmental study also showed
similar results® (Figs 1.4A and B). Now-a-days most of the
modern scanners provide CT dose index (CTDI) which isthe most
commonly used dose indicator. It does not provide the precise
dose, rather it is an index of dose measured using a phantom.
However, CTDI may greatly help in comparing radiation dose at
different scanning parameters.®

Various manufacturers provide multiple protocolsfor different
examination and as per the age of patient. Hence when imaging
for children, pediatric protocols should be followed. Idedly, al
institutions must set their own scanning protocol, involving various
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Figs 1.4A and B: Chest CT at 240 mA (A) and at 77 mA (B). Image
quality is comparable while radiation dose in B is less than one-third of
that in A

parameters (tube voltage, tube current, dicethickness, collimation
and pitch) optimized as per the use. The important point to
remember isthat different manufacturers use different techniques
for dose modulation so the user should know about the system’s
characteristics before trying to attempt any change in scanning
parameters.®® Any changes should be performed using appropriate
(weight range) phantoms.

Recently dual energy CT scanners have been introduced which
are faster and have ability to provide greater information about
tissue composition than obtained by single energy scanners.
Although not much is known about its use in pediatric cases,
however with dual energy scanners non contrast CT scans are not
needed as contrast mediacan be subtracted, and the patient is spared
the radiation dose of a second scan.

USE OF CONTRAST MEDIA

Contrast media available for intravenous (1V) use in radiography
are categorized as high-osmolality contrast media (HOCM), low-
osmolality contrast media(LOCM) and isosmolar contrast media
(IOCM). Considerationsin choice amongst these arethe concentra-

Table 1.3: Suggested tube current (mA) by weight of

paediatric patients for single-detector Helical CT3®

Weight mA

kg Chest Abdomen or pelvis
4.5-8.9 40 60

9.0-17.9 50 70

18.0-26.9 60 80

27.0-35.9 70 100

36.0-45.0 80 120

45.1-70.0 100-120 140-150

> 70 > 140 >170

tion of iodine achieved within plasmaand urine, economic factors,
and safety factors.

High Osmolality Contrast Media

HOCM have an iodine content ranging from 280 to 480 mg/mL
and an osmolality range from 1400 to 2500 mOsm/kg. Dosage of
contrast material is based upon grams of iodine administered in
relation to body mass. It is appropriate to use a dosage of app-
roximately 300 mg of iodine per kilogram. This represents
approximately 1.0 mL/kg in the most commonly used forms of
diatrizoate or iothalamate. Thetotal dosefor excretory urography
or for CT is usually 2.0 mL/kg in children or 3.0 mL/kg in the
newborn.

Speed of injection is important for the resultant plasma
concentration of contrast material. After rapid injection thereisan
increasein serum osmolality within 3 minutes, adecreasein serum
sodium concentration, and an increase in heart rate. The osmotic
effectisparticularly significant in young infants. A mean increase
of 3 percent in serum osmolality is observed in adults. Excretion
occurs rapidly by rena glomerular filtration. Because of a high
osmotic load, these contrast mediaal so produce diuresis, opposing
tubular resorption.®

Low Osmolality Contrast Agents

LOCM have an iodine content ranging from 128 to 320 mg/mL
and an osmolality range from 290 to 702 mOsm/kg. Agents with
low iodine content are most suitable for intra-arterial digital
subtraction arteriography. Those with iodine content of 240 to
300 mg/mL are used for excretory urography, venography, venous
injection digital subtraction arteriography, and bolus IV enhance-
ment for CT scans. The contrast media with high iodine content,
320 to 370 mg/mL, are used for aortography and selective
arteriography.

Iso Osmolar Contrast Agents

IOCM have an iodine content ranging from 270 to 320 mg/mL
and an osmolality of 290 mOsm/kg.

Initial reportsshowed that the |[OCM reducestherisk of contrast
induced nephropathy (CIN) in patients with deranged renal
parameters. However recently various meta-analysis of randomized
control trials have shown that there is no statistically significant
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reduction in CIN associated with iodixanol as compared to
LOCM.**°Hencewith thisequivocal kind of reports|OCM offers
no significant advantage over LOCM.

Unlike HOCM, LOCM and IOCM have little or no effect on
serum osmolality, serum sodium, vasodilation, haemodilution, red
blood cell morphology, or vascular permeability. Thereislittle or
no effect on the blood-brain barrier, fewer electrocardiographic
changes, and fewer alterationsin myocardial contractility, cardiac
output, and left ventricular, pulmonary artery, and aortic pressures.
Thereisless endothelia damage, and lower release or activation
of vasoactive substances including complement activation,
histaminerel ease, and acetyl cholinesterase inhibition. Diminished
effects on coagulation pathways have been demonstrated. These
effects are attributed to the lower osmolality and the reduced
chemotactic effect of the molecules. Of importanceisreductionin
the nephrotoxic effect noted with HOCM. Hence, there are definite
advantages to adoption of LOCM. A major consideration is
degradation of the resulting examination resulting from pain, heat
or vomiting with HOCM.*®

Performing amultiphasic CT scansin neonate and infants may
be challenging, as the IV cannulais of smaller gage limiting the
injection rate of power injector, moreover only small amount of
IV contrast can be used depending ontheweight of thechild. These
situations may be handled by (i) using bolus tracking and saline
chasing technique and (ii) large bore cannula**? An injection
rate of 2-3 ml/sec is safe and provides good results.*® Although
there is no consensus, but contrast may be administered using
central venous line with a maximum injection rate of 2 ml/sec.*

MR Contrast Agents

The most commonly used contrast agents are paramagnetic
substances and amongst these Gadolinium diethylenetriamine
penta-acetic acid (Gd DTPA) dimeglumineis most frequently used.
Gd DTPA is excreted by glomerular filtration with 90 percent
excreted within 24 hours. Rapid renal clearance, and low toxicity
are important features of this contrast material. The clinical dose
of Gd DTPA is0.1 mmol/kg. It hasan osmoldlity of 1,900 mOsm/
kg. However, the high osmoldlity is of little importance because
of the small volume administered.®4®
Although gadolinium-enhanced MR imaging was once
considered one of the safer imaging procedures, but recently there
has been a significant concern regarding nephrogenic systemic
fibrosis (NSF) associated with gadolinium based contrast agents.
The identified risk factors associated with development of NSF
include - administration of ahigh dose of gadolinium-based contrast
agent, acute or chronic renal failure, venous thrombosis and
coagul opathy and vascular surgery.*#°
Some additional guiding principles for use of contrast in the
neonates are:
1. Usewarm contrast for maintenance of body temperature.
2. Useiso-osmolar+ve, non-ionic contrast in most instances.
3. Whengiving ord or rectal contrast, uselow-osmolar, non-ionic
agentsinstead of barium to avoid barium contamination of the
peritoneal cavity.
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4. Do not give contrast blindly; oral contrast may be aspirated,
and rectal contrast may get into peritoneal cavity viaaperfora-
tion. Even in the intact bowel, the contrast may not progress
distally as quickly as predicted and therefore may lead to
unnecessary radiographs.

5. Bejudicious in the volume of contrast administered. Renal
function in neonatesislessthan in babies over one month and
age, therefore excretion of contrast may be delayed.

6. Gadolinium is the preferred contrast agent for magnetic
resonance imaging. However, it should be used with a
cauition. #3445
In conclusion the aim of all departments and radiologists

dealing with pediatricimaging should beto achieve adiagnostically
adequate radiograph or examination, with minimum radiation
exposure and discomfort to the child. This goal can only be
achievedif the radiol ogistsand techniciansin charge are committed
to quality control programs, and are aware of the necessity for
radiation protection in children.
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Recent Advances in Pediatric
Radiology

The articles dwelling upon pediatric radiology are published not
only in the radiology journals but aso in journas in the fields of
allied specidlties like pediatrics and pediatric surgery. Thereis no
strict definition of recent advances. For an avid reader, recent
advances mean the literature published in last few months (say one
year); for aresearch worker dedicated to aparticular topic, only the
articles published in that context would congtitute recent advances
whilefor agenera radiologist, changing trends over last few years
would qudify for recent advances. Giventhevast plethoraof articles
availablein medical literature and differing needs of radiologists, it
isimpossible to cater to the need of all. This chapter dwells upon
some of the recent trends in specidity of pediatric radiology as
applicable to Indian scenario. Readers are encouraged to update
their knowledge by reading the recent journals.

RADIATION PROTECTION

The children are known to be at high risk for developing radiation
induced malignancies. Thisisbecausethe growing tissuesaremore
radio sensitive. In addition, children havelong life span availableto
manifest theill effects of radiation. Hence, there is a need to keep
the radiation dose to the minimum possible level in children. An
Alliance for Radiation Safety in Pediatric Imaging (Image Gently
campaign)* has recently taken shape with the objective increasing
awarenessin theimaging community of the need to adjust radiation
dose when imaging children. It started as a committee within the
Society for Pediatric Radiology in late 2006 and currently
encompasses 56 professional associationsglobally. The ultimategoal
of thisallianceisto change practice. Theinitial focusof thealliance
has been CT scan as there has been dramatic global increase in
number of CT scans being performed for children. The aliance
website (Wwww.imagegently.org) providesinformation for radiologists,
parents, pediatricians, medical physicists and radiology
technologists. Thealliance hasevoked widespread interest. Already,
thewebsite hasbeen visited over 300,000 times, the CT protocol has
been downloaded over 20,000 times and 4528 medical professionals
have taken the pledge. Recently, the alliance has started targeting
radiation safety pediatricinterventional radiology. It hasbeen labeled
“Image Gently, Step Lightly”. It encouragestheradiologiststo“ Step
Lightly” onthefluoroscopy pedal during the pediatricinterventional
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procedures. It also encourages the radiol ogists to use ultrasound or
MRI for guidance during interventional procedures. The image
gently campaign has been named to the 2009 AssociationsAdvance
AmericaHonor Rall. Thisaward issponsored by theAmerican Society
of Association Executives to recognize the ways non-profit
associationsimprovethequality of lifein America. Detalled guidelines
are now available for reducing radiation dose during fluoroscopy,
CT scan and interventional proceduresin children.?*

NEURORADIOLOGY

CT scan of head is commonly performed for head trauma in
children. However, very few of these patients show CT evidence
of intracranial injury. Since CT scan imparts high radiation dose,
it isdesirableto minimize number of children who do not require
CT scan after head trauma. Palchak and colleagues® conducted a
prospective observational study to derive a decision rule for
identifying children at low risk for traumatic braininjuries. They
enrolled 2043 children and evaluated clinical predictors of
traumatic brain injury on CT scan and traumatic brain injury
requiring acute intervention, defined by (i) a neurosurgical
procedure (ii) antiepileptic medicationsfor morethan 1 week (iii)
persistent neurologic deficits or (iv) hospitalization for at least
2 nights. CT scanwasperformedin 1,271 (62%) patients of which
98 (7.7%) had traumatic brain injurieson CT scan. 105 (5.1% of
2043 enrolled patients) had traumatic brain injuries requiring
acute intervention. Abnormal mental status, clinical signs of
skull fracture, history of vomiting, scalp hematoma (in children
< 2 years of age), or headache identified 97/98 (99%) of those
with traumatic brain injurieson CT scan and 105/105 (100%) of
those with traumatic brain injuries requiring acute intervention.
Amongst the 304 (24%) children undergoing CT with none of
these predictors, only 1 (0.3%) patient had traumatic brain injury
on CT. This patient was discharged from the emergency
department without complications. The authors concluded
that absence of abnormal mental status, clinical signs of skull
fracture, history of vomiting, scalp hematoma (in children <
2 years of age), and headache were important factors for
identifying children at low risk for traumatic brain injuries after
blunt head trauma.
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Magnetic resonanceimaging (MRI), diffusion tensor imaging
(DTI) and MR spectroscopy are important constituents of
eval uation of neonatal encephal opathy. Barkovich® and colleagues
performed serial MRI in 10 neonates to describe the time course
of changes in different brain regions during the first 2 weeks of
life. In most of the patients DT and MR spectroscopy revealed a
characteristic evolution pattern during thefirst 2 weeks after birth.
Although, the anatomic images were normal or nearly normal on
the first 2 days after birth in most patients, abnormalities were
detected on DTI and spectroscopy. The parameters tended to
worsen until about day 5 and then normalize, though in several
patients abnormal metabolite ratios on spectroscopy persisted.
During the serial scans, the areas of reduced diffusion
pseudonormalized in some parts while new abnormal areas
developed in other parts. Thus, the pattern of injury looked very
different on seria scans.

Liauw and colleagues’ evaluated the predictive value of DWI
and apparent diffusion coefficient (ADC) measurements for
outcomein children with perinatal asphyxia. MRI was performed
interm neonateswith inten days of life because of birth asphyxia.
In survivors, developmental outcome until early school age was
graded as: 1) normal, 2) mildly abnormal, and 3) definitely
abnormal. For analysis, category 3 and death (category 4) were
labeled “adverse,” 1 and 2 were “favorable,” and 2-3 and death
were “abnormal” outcome. The study demonstrated that ADC
valuesin normal-appearing basal gangliaand brain stem correlated
with outcomeindependent of all MR imaging findings. However,
ADC valuesin visibly abnormal brain tissue on DWI did not show
apredictive valuefor outcome. Another study (by Vermeulen and
colleagues) which evaluated diffusion-weighted and conventional
MR imaging in neonatal hypoxic ischemiareported DW imaging
to be auseful additional MR tool to predict the motor outcome at
2 years. In this study, local ADC values had a limited value.
Recognition of the patterns of brain damage with DW and
conventional MR imaging appeared useful as a diagnostic tool.

Although, ultrasound and MRI are frequently utilized for
evaluation of neonatal hypoxic ischemic injury, there is striking
paucity of prospective studies comparing these two modalities.
Epelman and colleagues® prospective performed ultrasound and
MRI of 76 neonatesand young infants (age range 1-44 days, means
age 9.8 days). Both the studies were done within two hours of
each other. The diagnostic accuracy of ultrasound was found to
be 95.7%. The authors recommended the use of ultrasound as
screening modality with emphasis on correct technique. They also
recommended early MRI for mapping delineating entent of injury.

Tovar-Moll F° and colleagues utilized magnetic resonance
diffusion tensor imaging and tractography in patients of callosal
dysgenesisto reveal the aberrant circuit. The study group consisted
of eleven patients nine of which belonged to pediatric age group.
Four main findingswere reported:

1. Inthe presence of acallosal remnant or a hypoplastic corpus
callosum, fibers therein largely connect the expected
neocortical regions

2. Cdlosa remnants and hypoplastic corpus callosum display a
fiber topography similar to normal

3. At least 2 long abnormal tracts are formed in patients with
defective CC: Probst bundle and a sigmoid, asymmetrical
aberrant bundle connecting the frontal lobe with the
contralateral occipito parietal cortex

4. Whereas the PB is topographically organized and has an
ipsilateral U-connectivity, the sigmoid bundle is a long,
heterotopic commissural tract.

These observations suggested that when the process of corpus

callosum fibersto crossthe midlineis hampered, some properties

of the miswired fibers are maintained (such as side-by-side
topography), whereas others are dramatically changed, leading to
the formation of grossly abnormal white matter tracts.

MRI isconsidered inferior to CT scanin detecting calcification.
However, susceptibility weighted imaging (SWI) technique can
identify calcification by using phaseimages. Using thistechnique
Wu and colleagues'® were able to detect a partially calcified
oligodendroglioma, multiple calcified cysticercosis lesions, and
multiple physiologic calcificationsin asingle patient. The authors
concluded that SWI filtered phaseimages can identify calcifications
aswell asCT scan.

Wang™ and colleagueseval uated serial MRI changes compared
toclinical outcomeand evaluated their impact on clinical outcome
in the follow-up of pyogenic spinal infection in children. In this
study, 17 patients (age 2 months-16 years) underwent 51 follow-up
MRI scans done 2 weeks-4.75 years after baseline scan. Follow-up
scans done at short-term revealed epidural and/or paraspinal soft
tissue changes which co-related with the clinical status and
laboratory findings in all patients. However, in some cases
progression of bone and disk abnormalities was noted in spite of
clinical improvement. Long-term follow-up scans revealed soft
tissue, bone and disk changes 1-3 years after initial scan in spite of
these children being symptom free. The authors concluded that
management should be based on the clinical response and that
long-term or serial routine follow-ups are not necessary.

THORACIC IMAGING

Lung pathologies have traditionally been evaluated using
radiography and CT scan. A few recent studies have explored utility
of ultrasound and magnetic resonance imaging (MRI) in lung
pathol ogies. Bober and Swietlifiski'? investigated the possiblerole
of chest ultrasound in the diagnosis of the respiratory distress
syndrome in newborn. Using transabdominal approach, they
performed ultrasound examination in 131 consecutive newborns
(admitted to the neonatal intensive care unit) in their first day of
life with symptoms of respiratory failure. Retrohepatic or
retrosplenic hyperechogenicity was shown in 109/131 newborns
examined and the diagnosis of respiratory distress syndrome was
confirmed by radiography in 101 cases. Respiratory distress
syndrome was diagnosed in any patient without retrohepatic or
retrosplenic hyperechogenicity. In eight patients with positive
ultrasound images unconfirmed by chest X-ray (i.e. false positive
sonographic examination), congenital pneumonia was diagnosed
in four cases and pneumothorax in one case while in three cases
no pathology was found. The authors reported 100% sensitivity
and 92% specificity of ultrasound in diagnosis of respiratory
distress syndrome.



Copetti and Cattarossi*® evaluated sonographic appearance
of transient tachypnea of newborn anditsclinical relevance. They
performed sonographic examination of 32 neonates with clinical
suspicion of transient tachypneaof newborn (TTN) and compared
the findings with 60 normal infants, 29 with respiratory distress
syndrome, 6 with pneumonia and 5 each with pulmonary
hemorrhage and atelectasis. They noted that in TTN the
echogenecity of upper lung fields was different from lower lung
fields. Specifically, the lower lung fields showed very compact
comet tail artefacts while these were rare in superior lung fields.
The authors labeled this as “ double lung point” which had 100%
sensitivity and specificity for diagnosis of TTN.

In another study, Copetti and colleagues™* attempted to define
the sonographic appearance of neonatal respiratory distress
syndrome and evaluate its clinical relevance. They enrolled
40 neonates with respiratory distress syndrome and performed
transthoracic ultrasound. In all the patients, sonography revealed
echographic “white lung”, pleural line abnormalities (small
subpleural consolidations, thickening, irregularity and coarse
appearance) and an absence of areas with a normal pattern (i.e.
spared areas). When presented simultaneously, these signs had
100% sensitivity and specificity for diagnosis of respiratory
distress syndrome.

Kurian and colleagues'® compared the findngs of sonography
and computed tomography in pediatric patients suffering from
pneumonia complicated by parapneumonic effusion. In this
retrospective study of 19 patients (age range 8 months-17 years),
images were evaluated for effusion, loculation, fibrin strands,
parenchymal consolidation, necrosis, and abscess. In this study
CT of the thorax did not provide any additional clinically useful
information that was not available on chest ultrasound. The authors
suggested that the imaging workup of complicated pediatric
pneumonia be done with chest radiography and chest ultrasound
and CT be reserved for cases where the chest ultrasound is
technically limited or discrepant with the clinical findings.

Montellaand colleagues'® compared the efficacy of high-field
MRI and high resolution CT (HRCT) in children and adults with
non cystic fibrosis chronic lung disease with the aims of assessing
whether chest high-field MRI is as effective as chest HRCT in
identifying pulmonary abnormalities; and to investigate the
rel ationships between the severity and extent of lung disease, and
functional datain patientswith non-CF chronic lung disease. There
were 30 children and 11 adults in this study (age range 5.9-29.3
years, median age 13.8 years. 14 patients each had primary ciliary
dyskinesia and primary immunodeficiency while another 13 had
recurrent pneumonia. All the patients underwent pulmonary
function tests, chest HRCT (120 kV, dose-modulated mAs) and
high-field 3.0-T MRI (HASTE; transversal orientation; repetition
time/echo time/flip angle/acquisition time, infinite/92 milliseconds/
150 degrees/approximately 90 seconds). Theimagesof both HRCT
and MRI were scored in consensus by 2 observersusing amodified
version of the Helbich scoring system. The maximal scorewas 25.
HRCT and high-field MRI total scoreswere 11 (range: 1-20) and
11 (range: 1-17), respectively. Therewas good agreement between
the 2 techniques for all scores (r > 0.8). HRCT and MRI total
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scores, and extent of bronchiectasis scores were significantly
related to pulmonary function tests (r = -0.4, P < 0.05). The MRI
mucus plugging scorewas al so significantly related to pulmonary
functiontests (r =-0.4, P< 0.05). The authors concluded that high-
field 3.0-T MRI of chest appears to be as effective as HRCT in
assessing the extent and severity of lung abnormalitiesin non-CF
chronic lung diseases, and it might be a reliable radiation-free
option to HRCT.

Bannier and colleagues!’ evaluated the sensitivity of
hyperpolarized helium (3He) MRI for the detection of peripheral
airway obstruction inyounger cystic fibrosis (CF) patients showing
normal spirometric results and the immediate effects of asingle
chest physical therapy (CPT) session. The study involved ten
children of 8-16 years of age. Spirometry followed by proton and
hyperpolarized 3Hethree-dimensiona lungimaging were performed
on a1.5-Tesla MR unit before and after 20 minutes of CPT. The
number of ventilation defects per image (V DI) and the ventilated
lung fraction (VF) were quantified. Despite spirometery being
normal in al the patients, ventilation defects were found in all
patients(mean VDI, 5.1+ 1.9; mean global VF, 78.5%+ 12.3; and
mean peripheral VF, 75.5% + 17.1). Thiswaswell abovethe VDI
in healthy subjects (1.6) as reported in literature. After CPT,
although disparate changes in the distribution of ventilation
defects were observed, the average VDI and VF did not change
significantly.

Tracheomalaciais characterized by excessive collapsibility of
tracheain expiration. Lee and colleagues'® evaluated air trapping
in pediatric patients with and without tracheomalacia. In this
retrospective study, the study group and comparison group had
15 patients each. Tracheomalacia was diagnosed if the cross
sectional luminal area of trachea decreased by > 50% during
expiration as seen on CT scan and confirmed by bronchoscopy.
The authors graded the severity of air trapping visually on a
5 point score. All the patients with tracheomalacia and 10/15
children without tracheomal aciashowed air trapping. The median
air trapping scorewas significantly higher (p=0.002) in the study
group. However, the patterns of air trapping were not significantly
different. Thesefindings have potential implicationsfor diagnosis
and management of children with tracheomalacia.

Chest radiography, catheter angiography and echocardio-
graphy have remained the mainstay of evaluation of patientswith
heart disease. With therecent availability of advanced multidetector
scanners, it has now become possible to evaluate congenital heart
diseases using CT scan. Cheng and colleagues'® evaluated the
clinical value of low-dose prospective ECG-triggered dual source
CT angiography (DSCT) in infants and children with complex
congenital cardiac diseases. They compared DSCT findings with
transthoracic echocardiography (TTE). The study include
35 patients with the age range of 2 months-6 years. They
demonstrated high sensitivity (97.3%) and specificity (99.8%) with
mean effective dose of 0.38+ 0.09 mSv. Inthisstudy, the subjective
mean image quality score was 4.3 + 0.7 using a five point scale.
Another study evaluated® step-and-shoot DSCT for evaluation
of heart coronary artery and other thoracic structures in young
children (age <6 years) with congenital heart disease. They utilized
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prospective gating with end systolic reconstruction. The image
quality was evaluated using a five point scoring system. They
reported mean image quality score of 4.7 + 0.6 and mean effective
radiation dose of 0.26 + 1.6 mSv.

GASTROINTESTINAL IMAGING

Necrotizing enterocolitis (NEC) refers almost exclusively to an
idiopathic, often severe, enterocolitisthat occursin neonateswith
premature babies being more at risk.?! Theradiological evaluation
is traditionally dependent upon radiography. Although there are
sporadic reports of use of ultrasound in NEC, the first
comprehensive evaluation of NEC with abdominal sonography was
reported by Faingold and colleagues.?? They enrolled 30 control
and 32 neonated of proven or suspected NEC. They performed
color Doppler of the bowel wall and described the normal and
abnormal flow patterns. In thisstudy, the sensitivity of absent flow
in bowel wall on color Doppler, as marker for severe NEC, was
100% . This was significantly superior to 40% sensitivity of
abdominal radiography which relied upon freeair assign of severe
NEC.

A recent study® reported the findings of ultrasonography in
early NEC. The authors evaluated 40 neonates with clinically
diagnosed NEC and 10 controls. They evaluated the echogenicity
of the bowel wall, involved region, ascites, and portal venous gas
at initial and follow-up examinations. Echogenic dots were seen
in bowel wall in 16 patients (40%) and dense granular
echogenicities in 24 patients (60%). Portal venous gas was not
visualized in any of the patients. None of the neonates in control
group had echogenic foci in bowel wall. Follow-up examinations
reveal ed decreasein the echogenicity of the bowel wall and ascites
in 37 patients (93%).

Silvaand colleague, 2 in aretrospective study (Ref), correlated
the sonographic findings with clinical outcome in 40 neonates.
They divided the patients into two groups based on outcome—
group A included neonates who were treated medically and who
recovered fully whilethe group B included neonateswho required
surgery for perforation in the acute setting (laparotomy or
placement of aperitoneal drain), surgery for late strictures or those
who died as aresult of NEC. They calculated the risk ratios and
95% confidence intervals (CI) for those features for different
sonographic patterns. They reported that an adverse outcome
was associated with the sonographic findings of free gas, focal
fluid collections or three or more of thefollowing: increased bowel
wall echogenicity, absent bowel perfusion, portal venous gas,
bowel wall thinning, bowel wall thickening, freefluid with echoes
and intramural gas. Interestingly, in this study, two babiesin group
A revealed absent flow in bowel wall suggesting that absent flow
inbowel wall need not always be associ ated with adverse outcome.

Dilli and colleagues® also reported sonographic findings in
NEC. They stated that sonography had high specificity but low
sensitivity for detection of portal venous gas. In addition,
sonography provided valuable information regarding intra-
abdominal collections.

Boraand colleagues® eval uated the role of post natal superior
mesenteric artery (SMA) flow in predicting feed intolerance and

NEC in the babi es of mothers showing absent end diastolic flow in
umbilical arteries during antenatal sonography. There were three
groupsinthisstudy: group 1 (n=23) wassmall for gestational age
with mothers having absent end diastolic flow; group 2 was small
for gestational age (n = 20) while the group 3 was appropriate for
gestational age (n=19). Antenatal color Doppler revealed normal
umbilical artery blood flow in group 2 and 3. In all the patients,
postnatal superior mesenteric artery color Doppler was performed
before test feed (0.5 ml) and repeated every 15 minutes till one
hour after administration of test feed. The study revealed higher
incidence of NEC and feed intolerancein group 1. The study also
suggested that serial SMA flow evaluation, especially the
60 minutes post feed study may help in identifying babieslikely
to develop feed intolerance.

Extrahepatic biliary atresia (EHBA) and neonatal hepatitisare
two important causes of neonatal conjugated hyperbilirubinemia.
Together, they account for 60 - 90 percent of patients.?”? It is
essential to differentiate between these two entities asthe treatment
is completely different. Some of the recent articles have utilized
ultrasound and/or color Doppler for evaluation of babies suspected
of having EHBA. Humphrey and Stringer®® performed sonographic
evaluation of 90 infants with conjugated hyperbilirubinemia for
gallbladder morphology, triangular cord sign, presence of acommon
bile duct, liver size and echotexture, splenic appearance, and
vascular anatomy. Using all of the above mentioned features, they
were ableto correctly classify 88/90 infantsashaving or not having
EHBA (98% accuracy). The features with the greatest individual
sensitivity and specificity, respectively, in the diagnosis of BA
weretriangular cord sign had sensitivity of 73% and specificity of
100% for diagnosis of EHBA. Corresponding figures were
91 percent and 95 percent for abnormal gallbladder wall; 70% and
100% for gallbladder shape, and 93% and 92% for absent common
bile duct. The hepatic artery had statistically significant (p < 0.001)
larger diameter ininfantswith EHBA thaninthosewithout EHBA.
However, portal vein diameters were not significantly different
between the two groups.

Kim and colleagues® prospectively evaluated prospectively
evaluate the accuracy of hepatic artery diameter and hepatic artery
diameter-to-portal vein diameter ratio for ultrasonographic
diagnosis of biliary atresia. The diameter of right hepatic artery
and the ratio of hepatic artery diameter-to-portal vein diameter
werelarger inthe EHBA group. Theauthors suggested right hepatic
arterial diameter of 1.5 mm and hepatic artery diameter-to-portal
vein diameter ratio of 0.45 as optimal cut off valuesfor diagnosis
of EHBA.

Lee and colleagues® described the color Doppler
ultrasonographic findings in livers of neonates with EHBA and
compared them with US findings in livers of neonates with non-
BA and control subjects. The study included 64 patients of neonatal
cholestasis of which 29 had EHBA. In additional, they enrolled
19 control subjects. The authors evaluated the triangular cord
sign and hepatic subcapsular flow. The images were interpreted
by three pediatric radiologists independently and discrepancies
were resolved by consensus. The triangular cord sign had
sensitivity of 62% and specificity of 100% for diagnosisof EHBA.



Hepatic subcapsular flow on color Doppler had sensitivity and
specificity of 100% and 86% respectively for diagnosisEHBA on
the basis of consensus reading.

The gold standard for diagnosis of EHBA is intraoperative
cholangiogram.®? Unfortunately, someinfantsarefound not to have
EHBA on per-operative cholangiogram. In a retrospective study,
Nwomeh and colleagues®® evaluated the contribution of
percutaneous cholecysto-cholangiography in preventing un-
necessary laparotomy ininfantswith cholestatic jaundice. The study
included 35 infants of which 9 had sonographically visible
gallbladder. In these patients ultrasound guided percutaneous
cholecysto-cholangiography was performed and diagnosis of
EHBA excluded. This obviated the need of laparotomy in these
patients.

Rectal bleeding iscommonly evaluated using CT colonoscopy
(CTC) in adult population. However, this modality has not been
extensively usedin pediatric population. Anupindi and colleagues™
evaluated eight (3-17 yearsof age) children with non contrast CTC
andreported it to beawell tolerated, safe and useful investigation.
The estimated mean effective dose in this study for CTC was
2.17 mSv ascomparedto 5-6 mSv for astandard air contrast barium
enemain asmall child. Capufiay and colleagues™ performed 100
CTC studies in children with rectal bleeding. No complications
were encountered. They reported sensitivity and specificity of 89%
and 80% of CTC in diagnosis of elevated colonic lesions. The
authors concluded that virtual colonoscopy isan aternative method
for the evaluation of children with elevated lesions. It isfast, has
no complications, and uses a low radiation dose. The postulated
advantages of using CTC included diagnosis of the exact location
of the polyp, faster and easier polypectomy by conventional
colonoscopist, reduction in the time of anesthesia and less
complications related to conventional colonoscopy procedure.

Sugiyama et al*® eval uated the feasibility of single scan CTC
using polyethylene glycol electrolytes solution with contrast
medium (PEG-C) bowel preparation in children. Seven patients
suspected of colorectal elevated lesions were subjected to CTC.
All patients underwent bowel preparation using PEG at a dose of
32 £ 3 ml/kgBW during the evening before the day of CTC. The
water-soluble contrast agent (Gastrografin, Nihon Schering, Osaka,
Japan) was given to the patients orally or through a nasogastric
tube at adose of 0.6 + 0.1 ml/kgBW, the next morning. The water-
soluble contrast agent was diluted 1:9 with PEG. The contrast agent
was used for residua fluid tagging. Air was insufflated into the
colonintheleft decubitusposition. The patient was scanned axially
with a single run from the colonic flexures to the pelvis in the
supine position. CTC were negativefor polypsin two patientsand
positive in five patients. The endoscopic findings were similar to
the CTCimages. Intwo caseswhich did not revea polypson CTC,
no symptoms were seen on follow-up over aperiod of 6 months.
Theauthors concluded that the single scan CTC using polyethylene
glycol with contrast medium (PEG-C) preparation was safe and
less invasive compared to conventional colonoscopy due to the
shorter examination time and lower radiation dose. Radiation
exposurein thisstudy was between 6.5 and 15.0 mGy (mean dose,

9.1mGy).
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I ntussusception isacommon emergency in infantsand young
children. Ultrasound or fluoroscopy guide reduction isfrequently
attempted to avoid surgery. However, many atimesthe reduction
is incomplete. Curtis and colleagues™ retrospectively reviewed
whether afailed reduction of ileocolic intussusception at areferring
hospital is predictor of failure of repeat attempt at a children’s
hospital. The children with pathological lead point, thise with age
>10 years, those having successful reduction at referring hospital
and those who did not undergo an enemareduction at the authors’
institute were excluded. 152 patients met the enrollment criteria.
The authors did not find any significant difference in the rate of
successful reduction for the patients who initially presented to
author’s institute (60.5% as compared to those who had failed
reduction at a referring hospital 60.7%). They concluded that
childrenreferred to achildren’shospital after failed enemareduction
at a referring hospital should undergo repeat enema reduction
provided there are no other contraindications.

In another retrospective study, Pazo and Losek® evaluated
the demographic and clinical characteristics of children with
intussusception and failed initial air enema reduction who were
managed by delayed repeat enema attempts. They attempted to
identify predictors associated with successful reduction. In this
study, there were 21 intussusception events in 20 patients which
were managed by delayed repeat air enemas. 9/21 repeat enemas
were successful. 4 of the patientswho had unsuccessful reduction
at first repeat enema underwent a second repeat enema with
successful reductionin 3 patients. Thus, 12/25 (48%) repeat enemas
were successful. The success rate of delayed repeat enemas was
found to be greatest when theintussusception wasinitially reduced
to the ileocecal valve. Demographic characteristics, clinical
characteristics, or timefrominitial enematofirst repeat enemawere
not significant determinant of success at repeat enema.

Cysticfibrosisfrequently involvesliver early inevolution. Liver
Steatosis is the most common manifestation while focal biliary
cirrhosis is the pathognomonic manifestation. Menten and
colleagues™® evaluated the role of transient elastography of liver
in patients of cystic fibrosis. In this prospective study, the authors
evaluated 134 patients of cystic fibrosisof which 75 were children.
In addition, 31 children without cystic fibrosis were enrolled as
controls. Liver morphology was classified on a scale of 1-5
representing increasingly severeliver disease. Ten measurements
wererecorded for tissue el astography for each subject and median
value was considered the elastic modulus of liver. The authors
found elasticity values of controls, pancreatic sufficient cystic
fibrosis and pancreatic insufficient cystic fibrosis patients with
ultrasound score < 3to be comparable and significantly lower than
compared to cystic fibrosis patients with ultrasound score of >3.
In addition, male patients with cystic fibrosis had significantly
higher median elasticity (4.7 kilopascals) as compared to female
patientswith cystic fibrosis (3.9 kilopascals). Thispreliminary study
suggests that transient elastography may be an attractive non-
invasive technique to assess and follow-up hepatic disease in
cystic fibrosis patients.
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URORADIOLOGY

Intravenous urography and micturating cystourethrography are
important radiological investigations in pediatric uroradiology.
However, both of theseinvestigationsimpart ionizing radiation to
the children. Magnetic resonance urography (MRU) and voiding
ultrasonography are being evaluated asradiation free alternatives.

Hydronephrosis is common urological problem in pediatric
population which is evaluated using a combination of several
modalities. Perez-Brayfield* and colleagues conducted a
prospective study to compare comparing ultrasound, nuclear
scintigraphy and dynamic contrast enhanced magnetic resonance
imaging in theevaluation of hydronephrosis. 96 childrenwith mean
age of 4 years (range 1 month to 17 years) were enrolled in the
study. Patient sedation, an important issue in pediatric MRI, was
administered without complications. The split renal function as
calculated by nuclear and MRI scanswere comparablein 71 cases
(r=0.93) evaluated. In50/64 (78%) cases, thefina diagnosisat MR
urography was similar to that on a combination of ultrasound and
nuclear scintigraphy. The authors concluded that dynamic contrast
enhanced MRI provided equivalent information about renal
function but superior information regarding morphology inasingle
study without ionizing radiation.

Akgun® and colleagues conducted a retrospective study to
assesswhether diuretic agent administrationin MR urography has
an effect on renal length and to determine whether theincreasein
length can be used to assess renal function. The study group
consisted of 20 children of age group 10 monthsto 13 years. All
these children had ureteropel vic junction stenosis. All had 99mTc-
mercaptoacetyltriglycine (MAG-3) and 99mTc-diethylenetriamine-
pentaacetic acid (DTPA) diuretic renography performed within
1 month of MR urography. The authors reported that the mean
renal lengths measured before and after diuretic administration
were 79.02 + 16.84 mm and 85.61 + 18.49 mm, respectively. This
increasein renal length after diuretic administration was found to
be statistically significant (p < 0.001; t = 8.082). In addition, a
positive co-relation was observed between the increase in renal
length after diuretic injection and functional status of kidneys
(p <0.001; r = 0.547). The better functioning kidneys had higher
increasein renal length after diuretic administration.

Availability of sonographic contrast agents and harmonic
imaging has contributed significantly to the sonographic evaluation
of vesicoureteric reflux. In a recent study, Papadopoulou® and
colleagues prospectively eval uated sensitivity of harmonic voiding
urosonography (VUSHI) using asecond-generation contrast agent
(sulfur-hexafluoride gas microbubbl es, SonoVue, Bracco, Italy) for
the diagnosis of vesicoureteral reflux. The study group included
228 children with 463 kidney-ureter units (KUUS). The patients
underwent two cycles of VUS HI and two cycles of VCUG at the
same session. The findings of two modalities were compared.
Vesicoureteric reflux was demonstrated in 161/463 (34.7%) KUUSs,
57 by both methods, 90 only by VUSHI, and 14 only by micturating
cystourethrogram. Therewas (77.5%) (k = 0.40) concordance (359/
463 KUUSs) in findings regarding the presence or absence of
vesicoureteric reflux. Thedifferencein the detection rate of reflux
between the two methods was significant (P < 0.01). Apart from
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showing inferior sensitivity, micturating cystourethrography also
missed reflux of higher grade (2 grade |, 65 grade 1, 19 grade 11,
4 grade V) ascomparedto VUSHI (8 gradel, Sgradell, 1 grade
[11). The authors suggested that VUS HI and a second-generation
contrast agent can be used as an alternative radiationfree imaging
method for eval uation of vesicoureteric reflux.

Another radiation free approach to eval uation of vesicoureteric
reflux involves utilization of MR fluoroscopy. Vasanwala and
colleagues®® have attempted to develop an MRI voiding
cystography protocol with continuous real time MR fluoroscopy
and validate it against micturating cystouretrography. In thisstudy,
eight follow-up patients of vesicouretric reflux wereevaluatedina
specially designed machine capable of performing MRI aswell as
fluoroscopic voiding cystourethrography. In this study, MRI had
sensitivity of 88% when the grade of reflux differed by less than
1 ontwomodalities. MRI detected reflux in one patient which was
not detected by fluoroscopic voiding cystourethrography.

MUSCULOSKELTAL IMAGING

Magni-Manzoni and colleagues™ conducted a study to compare
clinical evaluation and ultrasound in the assessment of joint
synovitisin children with juvenileidiopathic arthritis. 52 jointsin
32 children were evaluated by two pediatric rheumatol ogists for
swelling, tenderness/pain on motion, and restricted maotion. The
same joints were evaluated by an experienced sonographer for
synovial hyperplasia, joint effusion, and power Doppler signal.
Overall, 1,664 joints were assessed both clinically and
sonographically. On clinical examination joint swelling, tenderness
and restricted motion were noticed in 98 (5.9%), 59 (3.5%) and
40 (2.4%) of joints respectively. Sonographic evaluation revea ed
synovia hyperplasiain 125 (7.5%), joint effusion in 153 (9.2%)
and power Doppler signal in 53 (3.2%) joints. A total of 104 (6.3%)
and 167 (10%) joints had clinical and sonographic evidence of
synovitis, respectively. 86 (5.5%) of theclinically “normal” joints
had sonographic features of synovitis. 5 patients were classified
ashaving polyarthritiswho were classified as having oligoarthritis
or no synovitis on clinical evaluation. In this study, sonographic
features moderately correlated with clinical measures of joint
swelling, but poorly correlated with those of joint tenderness/pain
on motion and restricted motion. The authors concluded that
subclinical synovitis is common in juvenile idiopathic arthritis
which may have important implications for patient classification
and may affect the therapeutic strategy in individual patients.
Rooney, McAllister and Burns® prevalence of synovitis and
tenosynovitisin childrenwith juvenileidiopathic arthritiswho were
felt clinically to have active inflammatory disease of the ankle.
Forty nine clinically swollen ankle joints in thirty four patients
were included in this study. There were 19 patients with
polyarticular disease and 13 with oligoarticul ar disease. One patient
had systemic juvenileidiopathic arthritis. The authors found that
71% of ankles had tenosynovitisand 39% had tenosynovitisalone.
Only 29% of clinically swollen ankleshad tibiotalar joint effusion
alone while 33% had both tenosynovitis and tibiotalar joint
effusion. There was statistically significant difference between
different subgroupsfor thefrequency of occurrence of medial ankle



tenosynovitis (p = 0.048) and lateral ankle tenosynovitis
(p = 0.001).

SUMMARY

Several good articles have been published in recent years
contributing to improved patient care. The current trends stresson
the need of keeping the radiation dose to the minimum possible
level when investigating the pediatric patients. Readers are
encouraged to stay in touch with recent developments. Use of
electronic resources is recommended as quick and inexpensive
means for maintaining up to date knowledge.
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Interventions in Children

PART A—Vascular Interventions

Gurpreet Singh Gulati, Sanjiv Sharma

INTRODUCTION

Interventional procedures in the pediatric age group have along
history. Probably the first intervention performed in a pediatric
patient was the reduction of intussusception. The earliest cardio-
vascular intervention in children performed with angiographic
guidance was balloon atrial septostomy. Over the years, although
vascular interventional techniques as applied to the adult
population have undergone dramatic and continuous innovation,
their application to pediatric patients has been delayed, due to a
conservative attitude of pediatric medicine practitioners, lack of
adequately trained physicians and staff in this subspecialty, and
need for special equipment appropriate for pediatric use.

Children are not merely “little adults’, nor are the diseases to
which they are particularly susceptible, variants of diseases in
adult life. Excessive crying, unwillingness for examination, and
their inability to describe complaints make a child the most difficult
patient. However, it is a challenge to the pediatric interventionist
to master the art of ‘talking’ and achieve a successful examination.
A friendly environment, affectionate attitude of the medical staff,
and a carefully and rapidly performed study, go a long way in
conducting a successful procedure.

Special Considerations for the Pediatric Patient

A discussion between the interventional radiologist and referring
physician ensures that the appropriate procedure is performed,
the risks for the particular patient are appreciated, and the likely
benefit to accrue to the patient is understood. It is particularly
imperative to pay specia attention to the following details while
conducting a pediatric angiography or intervention. These are:
Choice of sedation or anesthesia

Maintenance of temperature control

Fluid balance

Radiation safety

Equipment selection

A dedicated team consisting of the operating radiologist, the
radiation and hemodynamic technologists, and the nursing
attendant are needed to prepare the catheterization laboratory,
prepare and handle the patient, and assist during the procedure.
A high-resolution digital angiography system is required to obtain
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reliable diagnostic images quickly and to monitor the
interventional procedure.

Patient Preparation

History and Physical Examination

A detailed discussion on the patient’s history taking and
examination relevant to general as well as specific angiographic
interventional procedures is outside the scope of this chapter.
Table 3.1 lists the several components that need to be assessed
while evaluating the patient.

Informed Consent

The parent or guardian of a minor child, and when possible, the
patient himself, should understand the reasons for undergoing
the procedure, the risks and benefits, the consequences of
refusing the procedure, and the aternative therapies available.
He or she should then give consent for the procedure.

Coagulation

Whenever there is a bleeding diathesis, risk of hemorrhage, or a
plan to perform systemic thrombolysis, coagulation studies are
obtained. Blood is sent for grouping and cross-matching
whenever there is ongoing or expected blood loss. Heparin is

Table 3.1: Pre-procedure clinical evaluation of the patient

1. History of the current problem
2. Pertinent medical and surgical history
Review of the organ systems
e Cardiac
¢ Pulmonary
* Renal
e Hepatic
¢ Hematologic (e.g. coagulopathy, hyper-coagulable state)
* Endocrine (diabetes)
4. History of allergies
5. Current medications
6. Directed physical examination
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administered for arterial catheterization procedures in a dose of
50 units/kg for diagnostic and 100 units/kg for revascularization
procedures.

Anesthesia

Most diagnostic studies are carried out with intravenous sedation.
Difficult interventions such as device implantation or particularly
painful procedures are conducted under general anesthesia.

In most children, conscious sedation is used, in which the
child is conscious, drowsy, and may even close his eyes, but is
responsive to verbal commands and able to protect his reflexes
and airway. Midazolam is a commonly used, short-acting
benzodiazepine that is metabolised by the liver. Its dose is 0.2-1
mg/KBW |.V. The onset of action is 3-5 minutes and the duration
of action is 60 minutes. The mgjor side effects are respiratory
depression and apnea. A combination of 3 drugs namely, demerol
(50 mg), promethazine (12.5 mg) and triclofos (12.5 mg), known
as DPT, isthe other agent used for conscious sedation. A mixture
of the 3 is made into a 2 ml solution, to be given in a dose of
0.06-0.1 ml/KBW |.M. For deeper sedation, a combination of
diazepam (0.1 mg/KBW) and morphine (0.1 mg/KBW) may be
given |.V. Respiratory depression may occur with higher doses.

Patient Immobilization

Smaller children are immobilized on a restraining board. Older
children will have hand and leg restraints but, if uncooperative,
will need to be anesthetized.

Temperature Control

Neonates and especially premature babies may become hypo-
thermic if awarm operating environment is not maintained. The
room temperature should be increased, radiation heaters are
required, and the child should be covered quickly while preparing
the groin and draping.

Diet and Mediications

Small children need not be kept fasting for more than 3-4 hours
prior to the procedure. Routine antibiotics are not prescribed
except for high-risk procedures, e.g. splenic embolization.

Dose of Radiation and Fluids

Isky Gordon et al* calculated and published the ratio of radiation
dose to the skin (in rads) for various procedures as follows:

Age (years) 1 5 10 15
Angiography — 20 films 1.4 3.0 4.8 7.5
Fluoroscopy — 4 minutes 3.2 4.8 6.8 8.8

One must try and minimize the radiation exposure to children
who are believed to be more sensitive to the effects of radiation
and likely to live for many years with these effects. Digital systems
probably do not reduce radiation exposure. However, severa
precautions may be taken by the operator to reduce the dose.
Fluoroscopy at the lowest dose possible (reduce the mAS), pulsed
fluoroscopy, removing the scatter grids, and addition of rare earth

filters in the X-ray tubes help to reduce radiation doses to the
patient.

All fluids and medication must be scaled to the patient size.
One may easily administer excessive amounts of fluids and
contrast without redlizing it. Digital systems (more so with bi-plane
angiography systems) help to bring down the volume of contrast
material and speeding up procedures. Most infants can tolerate
4 mi/kg of contrast, whereas children over 6 months can tolerate
6 ml/kg, if it isdelivered as several injections spread over a period
of time. It isimportant to maintain patient hydration if such large
doses are employed.

TECHNIQUES

Vascular procedures in pediatric patients require a substantially
different approach than that used in the adult population. Many
cons derations must be taken into account when treating the pediatric
population, including the small caliber vessel size, anticipation of
spasm, the risk for infection, the propendity for children to rapidly
form collatera circulation, the inevitability of growth, and the strong
tendency for restenosis and growth arrest to occur.

Access

Introducer sheaths should be used to preserve vascular access,
since multiple catheter/guide wire insertions or exchanges may
be needed. Special pediatric access sheaths are available in 4-6 F
sizes. These are usually introduced by using a cannula (18-21 G)
and an 0.021" guide wire. The angle of entry of the needle should
be less perpendicular to the skin, and a small nick in the skin
with the blade should be given before introducing the sheath, to
prevent pain and a possible vasovagal reaction. Care should be
taken to prevent an inadvertent incision in the anterior vessel
wall while using the blade.

PROCEDURES

The major vascular interventional procedures performed in
children can be grouped into:

A. Embolization

B. Angioplasty

C. Thrombolysis

D. Foreign body removal

Embolization
Percutaneous transcatheter embolization has replaced surgery for
many pediatric vascular problems, and is a treatment aternative in
patients where surgery has little to offer. Microcatheter systems,
which wereinitialy developed for adult neurovascular interventions,
are idedl for pediatric applications. They permit access to small
vessds and territories that were previoudy inaccessible. Hydrophilic
coated steerable guidewires permit negotiation of complex vascular
loops without provoking spasm or causing dissection.
Embolization procedures should only be performed by
experienced physicians familiar with the equipment and technical
aspects of the procedure. Discussion with the pediatric physicians
or surgeons, their support and backup is essential for a safe and
successful procedure.



The various pediatric vascular conditions treated by using
embolotherapy can be grouped as follows:

1 Vascular anomalies, e.g. arteriovenous malformation (AVM),
arteriovenous fistula (AVF), venous malformation (VM),
lymphatic malformation (LM), and hemangioma

2. Hemorrhage from bleeding vessels (due to pseudoaneurysms
or vascular involvement in trauma, tumor or inflammation) in
various organ systems.

3. Other conditions, e.g. tumors and organ ablation.

Goals of embolotherapy include: (i) an adjunctive goal, e.g.
preoperative, adjunct to chemotherapy or radiation therapy; (ii) a
curative goal, e.g. definitive treatment such as that performed in
cases of aneurysms, AVFs, AVMs, and traumatic bleeding; and
(iii) apaliative goal, e.g. relieving symptoms, such as of alarge
AV M, which cannot be cured by using embolotherapy alone.

EMBOLIZATION MATERIALS AND SUBSTANCES

Materials used in embolization include coils, ethanol, sodium
tetradecy! sulfate, n-butyl cyanoacrylate (NBCA) glue, polyvinyl
alcohol (PVA) particles, microspheres, and gelatin sponge
(Gelfoam).

Vascular Anomalies

Vascular anomalies are grouped into 2 categories: hemangiomas
and vascular malformations. Vascular malformations are
categorised further as high-flow lesions (AVM, AVF), low-flow
lesions (capillary malformation, VM, LM), or combined vascular
malformations. Embolotherapy with avariety of embolic materials
iscommonly used in the treatment of vascular anomalies

Hemangioma

Hemangiomas are benign tumors that require no treatment in most
patients. In rare cases, embolization may be necessary (particularly
in patients in whom therapy is needed urgently) because of
spontaneous hemorrhage or functional abnormality caused by the
extreme size of the lesion or the particular anatomic location or
because of significant congestive heart failure.? In addition,
embolotherapy is considered useful prior to surgical resection in
select patients, and in patients in whom a hemangio-endothelioma
causes Kasabach-Merritt phenomenon (platelet trapping).
Embolotherapy of a hemangioma or hemangioendothelioma can
be performed with the use of PVA particles. Coils are infrequently
used since they cause more proximal occlusion with potential for
recruitment of supply from other arteries and they block future
access to the lesion if needed.

The goal of embolotherapy isto block a large percentage of
the tumoral vessels, thereby preventing further trapping and
destruction of the platel ets and hastening involution of the lesion.
Some tumors may require several sessions of embolotherapy
because of revascularization of the tumor or to prevent exceeding
the limits of radiation and contrast burden in one session.
Infantile hepatic hemangioendotheliomas, a variant of infantile
hemangioma, usually are multiple and frequently are complicated
by congestive heart failure. In the clinical setting, the goal of
embolotherapy is to reduce hepatic arterial flow, which
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sufficiently relieves high-output cardiac failure. A variety of
embolic materials have been used. In some patients, embolization
of other nearby arteries (e.g. intercostals) may also be necessary.®
Arterial portography should be performed to exclude the
possihility of feeders from the portal system.

A rare entity called noninvoluting hemangioma, which is
found in the adult population, may also respond to transcatheter
embolization (usually with particles such as PVA or micro-
spheres). This procedure is usually performed to improve the
cosmetic appearance.

AVM

AVMs are typically characterized by anidus of abnormal vessels
in which shunting of arterial blood to veins occurs. These vascular
anomalies are usually present during childhood but often
demonstrate a sudden increase in size in response to trauma,
hormones, or other stimuli. Although a clinical grading system
has been used among surgeons, no grading system has been
developed for imaging. Most AVMs can be managed by
transcatheter embolization and/or sclerotherapy. Some foca AVMs
can be treated by surgical excision. Proxima embolization or
ligation of the feeding arteries usually worsens meatters because
of subsequent recruitment of collaterals, and transluminal
embolization of the nidus cannot be performed afterwards. The
collaterals that develop are more problematic in terms of
transcatheter treatment; however, proxima embolization of the
feeding arteries may be performed if indicated prior to surgical
excison.

Whenever possible during primary embol otherapy, the nidus
should be embolized.? Absolute alcohol is the most effective
agent in the treatment of AVMs. If the nidus cannot be reached
through the feeding arteries, direct percutaneous cannulation of
the nidus can be attempted. In selected patients with AVMs,
another therapeutic approach is embolic occlusion of the venous
outflow.

Cervicofacial AVMs

For dental arcade AVMs, spontaneous or catastrophic hemorrhage
during tooth extraction is a common presentation. Embolization
of an AVM in this region requires superselective catheterization
of the involved branches of external carotid artery and other
regional arterial branches (e.g. thyrocervical trunk) using
microcatheters and the coaxial technique.*

Embolotherapy can be performed with NBCA, alcohol,
particles, and/or microcoils, depending on the nature and extent
of the malformation. Gelfoam can also be used for preoperative
embolization. Patients with dental AVMs associated with acute
bleeding and loose teeth should undergo embolization immediately
prior to tooth extraction. Possible complications of embol otherapy
of cervicofacial AVMs include stroke, nerve paralysis, skin
necrosis, infection, blindness, and pulmonary embolism.

Extremity AVMs

In the extremities, AVMs can be diffuse and may involve the entire
extremity (Parkes-Weber syndrome). Extremity AVMs typically
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Figs 3.1A and B: An arteriovenous malformation of the right arm, with feeders from the profunda brachii artery.
Pre (A)- and post (B) — embolization (polyvinyl alcohol particles) angiograms

present with extremity-length discrepancy, high cardiac output,
pain, and ulceration. Extremity lesions can be treated with multiple
embolizations® and/or surgical resections or amputation of the
extremity (Figs 3.1A and B).

A detailed pre-embolization angiographic examination is
important for mapping the feeders and draining veins. During the
injection of contrast material, the injection rate and duration
should be adjusted so that arteriovenous connections can be
identified accurately. A high injection rate in a short period is
appropriate for AVMs.

Selective catheterization with microcatheters is required to
reach the nidus of the AVM. Significant complications of
embolotherapy possibly include skin necrosis (blisters), nontarget
embolization (which also includes pulmonary emboli), and
systemic sclerosant toxicity if aliquid agent (e.g., alcohol) is used.

Pulmonary AVMs

Pulmonary AVMs are aso called pulmonary AVFs. They have a
high association with Osler-Weber-Rendu syndrome (also called
hereditary hemorrhagic telangiectasia syndrome). Symptoms may
include dyspnes, cyanosis, and clubbing. Paradoxical embolization
may cause stroke or brain abscess. This anomaly can be classified
as simple or complex on the basis of the number of feeders and
draining veins. In simple lesions, a single artery and vein are
involved; in complex lesions, 2 or more supplying arteries and 1
or more draining veins are involved.

Most pulmonary AVMs (80%) are simple. Although a surgical
approach (thoracotomy and resection) is the traditional mode of
therapy, transcatheter embolization is currently a preferred
alternative.® Transcatheter embolization offers significantly
reduced morbidity and mortality rates, particularly in hereditary
hemorrhagic telangiectasia syndrome.

Embolotherapy for AVMs can be performed with coils,
vascular plugs or detachable balloons. Possible complications of

embolotherapy include non-target embolization in the systemic
circulation (through the AVM shunt) or in other noninvolved
pulmonary arteries. Therefore, properly sizing the coil to the
feeding (afferent) artery is essential. A preliminary detailed
angiography is essential for mapping the feeders and draining
veins, paying particular attention to the size of the feeders.
Basically, a successful embolization is accomplished by nesting
1 or more coilsin the feeding artery, which occludes flow through
the AVM shunt (Figs 3.2A and B).

Generally, feeding arteries larger than 3 mm should be
embolized. Feeders smaller than 3 mm have low risk of paradoxic
embolization and should be |eft alone unless they are simple and
straightforward technically. A coail that is 2 to 3 mm larger than
the feeding artery is usually selected. For vascular plug, a
30-50 percent oversizing is recommended. If the feeding artery is
large in caliber (>12 mm), a balloon occlusion of the proximal
artery via a second groin puncture can be used for a more
controlled coil deployment. Postembolization syndrome can occur
and is characterized by pleuritic chest pain, pleural fluid,
atelectasis, fever, and leukocytosis.

AVF

AVFs are relatively large arteriovenous connections and may be
congenital or secondary to trauma, surgery, or underlying vascular
abnormality (e.g. neurofibromatosis). AVFs may be seen in any
part of the body. A patient may present with cardiac failure,
localized growth disturbances, neurologic deficits, and ischemic
changes. Unlike AVMs, AVFs can be cured with embol otherapy.
The embolotherapy technique used depends on the size, location,
and hemodynamics of individual lesions. The goal of embolo-
therapy isto occlude the fistula and the immediate draining vein.

Embolization can be achieved by using detachable cails or
balloons, or tissue adhesives (glue or onyx). Gelfoam or particles
are not appropriate for use in AVF embolization. Detachable coils’
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Figs 3.2A and B: Right upper lobe pulmonary arteriovenous malformation. Pre (A)- and post (B)-embolization (fibered
platinum coils) angiograms. Coils elsewhere are from embolization carried out for other PAVMs in the right lung

or balloons are ideal because these embolic materials can be
positioned optimally before they are detached. Balloons also have
the advantage of conforming to the size and shape of the
abnormal vessels.Microcoils can be dislodged; however, this
complication can be minimized by performing flow-control
techniques (e.g. balloon occlusion, tourniquet, or blood pressure
cuff control). The other disadvantage of coil embolization is that
the clot that forms around the coil may dissolve, resulting in
recanalization. Appropriate nesting of several coils (packing) can
minimize recanalization. Also, thrombosis can be augmented by
soaking the coils in thrombin before deployment or by injecting
sclerosants around the coils. If adequate coil packing cannot be
accomplished, tissue adhesive can be effectively used in
combination with coils. Covered stents can also be particularly
useful for acquired AVFs (single communications). They have the
advantage of maintaining patency of the parent artery. Often, a
combined strategy using different techniques is necessary.

VM

VMs are the most common type of vascular malformations and
can vary significantly in size and clinical presentation. These
lesions (usually distinguished by a bluish discoloration with
swelling and pain) may also be associated with systemic
syndromes such as blue rubber-bleb nevus syndrome or Maffucci
syndrome. Sinus pericranii (communication between intracranial
and extracranial venous drainage) is also commonly associated
with craniofacial VMs. These lesions can be treated with
embolotherapy (sclerotherapy) and/or surgical excision.®® The
type of treatment used depends on the morphology, size, and
location of the malformation.

A preliminary venogram is usually obtained to evaluate the
deep venous system and to determine if any communication exists
between the VM and the extremity veins. In particular, a venogram
is performed on extremity VMs. Thelesion islocalized by using
ultrasonography, and the largest-appearing cystic portion of the
lesion is selected. Then, the lesion is accessed by using real-time

ultrasonographic guidance and a small Angiocath needle
(typically, 20-22 gauge). The lesion is studied with contrast agent
injections under fluoroscopy as well as digital subtraction
angiography. Subsequently, sclerotherapy is performed by using
ethanol (absolute acohol) or sodium tetradecy! sulfate mixed with
acontrast medium (Ethiodol or iodinated contrast) under real-time
fluoroscopic control (Figs 3.3A and B). Foam sclerotherapy is a
technique where a mixture of room air and sclerosant is injected
and potentially results in greater agent-malformation contact and
lowers volume of sclerosant required.

If draining veins are present (as they commonly are), manual
compression or a tourniquet should be used to reduce washout
of the sclerosant material from the malformation. If large draining
veins are present, these veins can be embolized with coils viaa
percutaneous approach before sclerotherapy. For large head and
neck VMs, airway involvement can be a challenging component
of the condition in terms of treating the patients. Because alcohol
and sodium tetradecyl cause significant edema after sclerotherapy,
airway patency should be carefully monitored during and after
the sclerotherapy procedure. In patients with large head and neck
VMsrequiring surgical debulking, presurgical sclerotherapy with
NBCA glue can be performed because NBCA causes no
significant edema.

Two common problems associated with sclerotherapy include
skin necrosis (blisters) and/or nerve damage or paralysis. Nerve
damage or paralysis can result from the direct toxic effect of the
sclerosant agent and/or compression of the nerve by focal
compartmental tissue edema (compartment syndrome). In addition,
hemoglobulinuria is a relatively common complication; this is
treated by aggressive hydration and alkalinization. A less common
but more severe complication is cardiac toxicity resulting from
the systemic effect of absolute alcohal.

LM

LMs can be grouped as microcystic, macrocystic, and mixed. The
mixed form of anomaly is probably the most common form of LM.
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Figs 3.3A and B: Adiffuse venous malformation in the right thigh. Direct puncture venogram showed minimal flow into deep veins (A). Sodium
tetradecyl sulphate was slowly injected under fluoroscopic control. Successful occlusion of the malformation was achieved (B)

Lymphatic cysts contain lymphatic fluid. When a single cystic
mass (previoudly termed cystic hygroma when found in the neck)
or a conglomerate mass containing a few macrocysts is
encountered, surgical excision is considered the most effective
treatment. However, some lesions respond really well to
sclerotherapy without any complications after 1 or several
sclerotherapy sessions.

When amixed form of LM is encountered, the best therapeutic
approach may be sclerotherapy for cystic masses, followed by
surgical debulking. The microcystic LM, or the microcystic
component of the mixed form, does not contain cystic spaces on
radiologic studies (including MRI). It demonstrates a
characteristic contrast-enhanced pattern of rings and arcs. The
sclerosant agents most commonly used are antibiotics
(doxycycline), ethanol, sodium tetradecyl sulfate and, most
recently, OK-432 (a derivative of group A streptococci). For
patients older than 8 years, doxycycline is the most commonly
used sclerosant agent. If the patient is younger than 8 years, the
options are acohol, sodium tetradecyl, or OK-432. The amount
of alcohol used depends on the patient’s weight, which is a
limiting factor in most procedures involving alcohol.

The interventional therapeutic approach used for LMs is
similar to the sclerotherapy technique used for VMs; however,
aninitial venogram is usually unnecessary.

Hemorrhage

Several types of hemorrhage can be treated with embolization.
Examples include hemoptysis; epistaxis; and Gl tract, post-
traumatic, and iatrogenic hemorrhage (e.g. postbiopsy or
nephrostomy tube insertion).

Gl Hemorrhage

Major causes of upper Gl tract hemorrhage are ulcer disease,
gastritis and varices. The most common causes of alower Gl tract

hemorrhage are vascular malformations and bleeding after
endoscopic biopsy. If the bleeding source isidentified on arterial
angiogram, the patient is treated by using either intra-arterial
vasopressin infusion (Pitressin) or embolization of the bleeding
mesenteric artery. Embolization is usually thefirst line of treatment
in patients with upper Gl tract bleeding and is used as the second
line of treatment in patients with lower Gl tract bleeding (usually
used if vasopressin treatment fails).'°

Embolization in the arcades proximal to the bleeding vasarecta
is recommended to minimize the risk of bowel necrosis. The most
commonly used embolic agents are coils (macrocoils or microcoils)
and Gelfoam pieces (torpedoes). Coil embolization is particularly
helpful if the bleeding is caused by focal vascular abnormalities
such as a false aneurysm. Some interventional radiologists have
also used PVA, although the use of PVA or other particles should
be avoided because of the risk of bowel infarction. After
embolization, control angiography is performed to determine if
bleeding (contrast material extra-vasation) continues via any
collaterals. The primary advantage of embolotherapy is the
immediate cessation of bleeding without need for prolonged
catheterization (unlike vasopressin infusion therapy).

Pelvic Hemorrhage

Intractable pelvic hemorrhage, usually post-traumatic, should be
approached in a similar interventional fashion. A surgical
approach to control active bleeding in acute trauma setting is
usually not favored. Detailed angiographic examination with
superselective injectionsin the branches of the internd iliac artery
is mandatory. Embolization can be performed by using an
autologous blood clot, Gelfoam torpedoes, PVA particles, NBCA,
coils, or detachable balloons.™ At the capillary level, embolization
with small particles or Gelfoam powder is contraindicated (because
of the elimination of collateral flow, which resultsin massive tissue
Necrosis).
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A specific anatomic relationship between the fracture site and
the affected vessel often allows embolization of the branch
(frequently the obturator artery) even when no obvious bleeding
siteis detected.’ In particular, liquid or particle embolization of
theinferior gluteal branch of the anterior division should be avoided
to minimize the possibility of sciatic nerve injury (this branch
supplies muscles of the thigh and buttocks and the sciatic nerve).
In addition, embolization of the posterior division of the internal
iliac artery should be avoided because of therisk of gluteal necrosis.

Hemoptysis

Hemoptysisis considered massive when at least 300 ml of blood
is lost in less than 24 hours, and it may be life-threatening.
Common causes of massive hemoptysis are cystic fibrosis, bron-
chiectasis, tuberculosis, and aspergillosis. Malignancy is rarely
acause. Surgical intervention is usually not feasible because of
severe pulmonary disease; therefore, embolization of the bleeding
bronchial arteries can be life saving.*®

Bronchial arteries are variable. They usualy arise from the
descending thoracic aorta between thoracic vertebre T4 and T7.
The right bronchial artery arises from the intercostobronchial
trunk in most patients (> 90%). The left bronchial artery usually
arises directly from the aorta and is multiple in most patients.
Occasionally, the right and left bronchia arteries arise from a
common trunk.

Although some bronchial branches may supply the spinal
cord, the most important of these branches is the artery of
Adamkiewicz. This artery usually arises from an intercostal or
lumbar artery on the left. Other spinal branches from the right
intercostobronchial artery, thyrocervical, or costocervical arteries
may be identified. A preliminary thoracic aortogram may be
performed, which usually shows abnormal bronchial arteries. An
aortogram helpsin outlining the bronchial anatomy.

Chapter 3 = Interventions in Children 48]

Figs 3.4A and B: A patient with hemoptysis due to bronchiectasis in the right upper and middle lobe. Selective injection of the hypertrophied right
intercosto-bronchial trunk (A) revealed multiple feeders with parenchymal blush. After embolization with PVA particles and gelfoam, the culprit vessel
is completely occluded (B)

Because of potential source of collaterals, a subclavian
arteriogram also is obtained, particularly if the upper lung field is
involved. Then, the bronchia arteries are catheterized and studied
with selective injections. The most common appearance of the
abnorma bronchid artery (the bleeding source) isincreased cdiber
of the bronchial artery with some hypervascularity over the lung
field. Contrast agent extravasation, shunting from bronchial to
pulmonary arteries, or aneurysmal changes in the involved
bronchia artery rarely areidentified.

Embolotherapy is usually performed with particles (PVA or
embospheres) and Gelfoam pledgets (Figs 3.4A and B). When the
decision is made to use particles, appropriately sized particles
should be used. Sizes are usually 500-710 um for PVA and 500-
800 um for embospheres. Use of coils is inappropriate, and
absolute alcohol or cyanoacrylate is no longer used for bronchial
artery embolization because of the risk of tissue necrosis
(bronchial and/or esophageal).

Embolization is performed as selectively as possible (when
necessary, by using a microcatheter and coaxia technique) to
minimize tissue necrosis and nontarget embolization (e.g. spinal
artery). Special care should be taken to prevent reflux by injecting
the embolic material lowly under continuous fluoroscopic control.
Gelfoam pledgets/torpedoes usually are used to occlude the
abnormal artery more proximally after particle embolization.

Epistaxis
Intractable epistaxis is a nosebleed that does not respond to
conservative treatment (nasal spraying of vasoconstrictors, nasal
packing, blood transfusion). Etiologies include uncontrolled
hypertension with or without superficial mucosal abnormality (e.g.
Osdler-Weber-Rendu syndrome).

Epistaxis can be treated by either surgical means (e.g. cautery,
vascular ligation) or endovascular embolotherapy. Internal carotid
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Figs 3.5A and B: A patient with postrenal biopsy hematuria. Selective left renal angiogram (A) shows an arteriovenous fistula from an interlobar
artery in the midpole with early filling of the inferior vena cava. Complete occlusion of the branch was achieved with coils (B)

arteriograms are obtained to exclude aneurysms. Then, the
external carotid artery is catheterized and control angiography is
performed initially to map the vascular anatomy and to check for
the presence of acollateral supply to the intracranial circulation.

During catheterization of the external carotid artery and its
branches, vasospasm is a common problem. Nitroglycerin can be
used to treat this. The target branch is usually the pterygopalatine
division of the internal maxillary artery, which isdistal to the origin
of the meningeal and temporal arteries. By using a microcatheter,
the pterygopalatine division is catheterized and embolized with
particles (most commonly PVA). If bleeding is not caused by a
neoplastic entity, embolotherapy can be performed in the 250 to
500 um range. If a neoplastic entity is the cause, the capillary
bed needs to be embolized. This embolization can be accompli-
shed by using smaller particles (150-250 pum).

Although the procedure is considered safe if performed by
an experienced physician, possible complications can occur.
These include ischemia, pain, cranial nerve damage, blindness,
and stroke.

Post-traumatic Hemorrhage

Post-traumatic hemorrhage can be due to either a blunt or
penetrating injury to avessel, typicaly arteriesin the extremities
with penetrating injuries or associated fractures or arteries to the
organs (e.g. renal arteries, after blunt trauma). Some patients may
present after an orthopedic procedure, such as total hip
replacement. An angiographic study is mandatory, not only to
aid selecting in the appropriate subsequent embolization
procedure but also in planning for possible future surgical
interventions.

Coil embolization is appropriate in extremity branch arteries
responsible for the bleeding because it offers afast and permanent
occlusion of the vessel. The bleeding vessel should be embolized
proximal and distal to the site of arterid injury. Avoid embolization

of arteries that endangers limb viability. Hemorrhage or AVF
formation after organ biopsy (particularly renal biopsy), or
iatrogenic traumatic hemorrhage, is acommon complication (i.e.
iatrogenic traumatic hemorrhage) that can be treated with
embolization (Figs 3.5A and B).

Pseudoaneurysm

Pseudoaneurysms occur secondary to trauma or infection and
consist of leakage of blood into the confined perivascular space
at the site of a vessel wall disruption. Embolization is a good
alternative to surgical repair, and is often the treatment of choice,
especially when pseudoaneurysms are not accessible or when
the patient is not a surgical candidate because of sepsis or other
medical conditions.**°

Embolic materials used for pseudoaneurysms include coils,
detachable balloons, thrombin, gelfoam, and NBCA.. In large-neck
pseudo-aneurysms, a stent placement combined with coil
embolization has been described. If the involved vessel cannot
be catheterized or if a pseudoaneurysm is close to the skin surface
(typically a pseudoaneurysm in the groin after cardiac
catheterization), the pseudoaneurysm can be directly punctured
with afine needle (e.g. 22 gauge), and thrombin or NBCA can be
injected (Figs 3.6A to D). When the involved artery is embolized
with coails, the artery also should be embolized distal to the origin
of the pseudoaneurysm so that collaterals do not fill the aneurysm

Malignant Tumors

Indications for embolotherapy in neoplastic conditions include
preoperative embolization and palliative embolization. Emboliza-
tion helps alleviate symptoms, reduces further dissemination, and
increases the response to other treatment modalities (e.g. radiation
therapy). Embolotherapy can be used for many types of malignant
tumors.’® Renal malignancy is the most common type of tumor
treated with embolotherapy. In particular, tumors extending into
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Figs 3.6A to D: A postcatheterization pseudoaneurysm in the right groin. Selective injections into the right common femoral artery (A) and a branch
of the profunda femoris artery (B) shows the jet and the lesion. The lesion was percutaneously punctured and 800 U thrombin was injected (C).
Though the pseudoaneurysm occluded immediately (D), it recanalized a few days later and needed surgical repair

the hilum or other adjacent structures for which surgical removal
isdifficult are treated by using embolotherapy. In these patients,
prior embolization of the tumor shrinks the mass and minimizes
blood loss during surgical removal.

Unresectable tumors can be made operable by means of
embolotherapy. If the entity is in its end-stage (disseminated
metastatic deposits), the technique can be used for palliation to
control pain and hematuria. Other reported malignanciesin which
embolotherapy has been used include pelvic malignancies and
bone tumors. Hemorrhage resulting from malignancy or
radiotherapy (e.g. due to radiation cystitis) can be controlled by
using embol otherapy.

Chemoembolization

Chemoembolization is commonly performed in hepatic malig-
nancies.’’” The technique is used in patients with unresectable
liver tumors and metastatic liver disease. An essential prerequisite
for chemoinfusion/chemoembolization is the presence of a patent
portal vein with hepatopetal flow. The bilirubin level should be
less than 3 mg/dl to perform chemoinfusion/chemoembolization
safely.

Vigorous intravenous hydration is required before the
procedure for at least 24 hours. Initially, a superior mesenteric
arteriogram is usually obtained to demonstrate a variant origin of
hepatic artery (accessory or replaced, originating from the superior
mesenteric artery) and to demonstrate patency of the portal vein.
Then, the celiac trunk and, subsequently, the common hepatic
artery are catheterized and studied to outline the vascular
anatomy.

Theinvolved lobar hepatic artery or, more commonly, the first-
or second-order branches of this artery is subsequently
catheterized by using a microcatheter and the chemoinfusion
material is injected under fluoroscopic guidance. The tip of the
catheter must be placed distal to the cystic and gastroduodenal
arteries. The most commonly used chemoinfusion mixture
consists of 10 ml of iopamidol (Isovue), 20 ml of Ethiodol, and

60 mg of doxorubicin. The chemoinfusion is usually followed by
embolization with adurry of gelatin sponge powder (Gelfoam).

Lidocaineisintra-arterially administered to reduce pain after
the chemoinfusion/chemoembolization treatment.

Organ Ablation
Splenic embolization can be used as a preoperative therapy or as
an alternative to surgical removal of the spleen. Indications
include post-traumatic bleeding, variceal bleeding secondary to
portal hypertension or splenic vein thrombosis, hypersplenism,
thalassemia major, thrombocytopenia, idiopathic throm-
bocytopenic purpura, Gaucher’s disease, and Hodgkin's disease.
Embolotherapy is performed with supersel ective catheterization/
embolization of the splenic artery by using embolic particleswhile
the tip of the catheter is beyond the caudal pancreatic artery.
Careful fluoroscopic control of the splenic areais required to limit
thetotal infarction to approximately 60 percent of the spleen.
Renal embolization is an alternative to surgical removal of the
kidney, and indications include end-stage renal disease or
renovascular hypertension requiring unilateral or bilateral
nephrectomy and renal transplant with native kidneysin situ. The
procedure requires selective catheterization of the rena artery with
further advancement of the catheter so that the catheter is
wedged or with the use of a balloon occlusion catheter to minimise
the possibility of embolic material spillage into the aorta. The
preferred embolic agents are particles (e.g. PVA) and/or liquid
agents such as ethanol or NBCA. Postinfarction syndrome is
relatively common and characterized by pain, which can be
managed with narcotics. This pain usually subsides within 48-72
hours.

ANGIOPLASTY

The techniques for balloon dilatation of vascular stenosis are the
same for children as for adults. Balloon dilatation can be carried
out safely even in small children and can permit access to
peripheral stenoses. Small balloon catheters (2 mm) and small shaft
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Figs 3.7Ato C: A12-year-old female with hypertension: Tight bilateral ostial renal artery stenosis (A) due to aortoarteritis. The right stenosis was
treated with balloon angioplasty (B) with a mild residual waist. The lesion opened up well (C) with mild residual disease. The left stenosis was then

subjected to angioplasty with a similar result

catheters (3.8 F) can be used with 4 F delivery systems. Small
steerable guidewires (e.g. 0.018" or 0.014" PTCA wires) can be
used to cross small distal stenosis. For the renal arteries, low
profile balloons in diameters of 3-4 mm are employed. Larger
balloons up to 20 mm in size are used to treat recurrent coarctation
or peripheral pulmonary stenosis. High pressure balloons (up to
17 atm burst pressure) are available with smaller sizes fo