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Jack O. HALLER (February 9,1944-June 15,2004)
Teacher, Colleague, Friend

To Jack: A Farewell to a Friend

Suddenly

Adawn

The world is not the same anymore
The days always follow one another
Endlessly

No beginning, no end

I accepted it.

Suddenly

The world seems suspended
Time halted in mid sentence
A day broke the sequence
The clocks marking time
Stopped.

Suddenly

We are suspended without him

In mid sentence

His presence, a gift

A gift to those who knew him

We paid no attention to the clocks
He was there.

I know

The days will start to follow each other
Again

But there will be different days

The clocks will start again

But never the same clocks.

John C. Leonidas, June 2004
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Preface to Third Edition

The third edition follows 20 years after our initial of-
fering. It updates the technology of pediatric imag-
ing. It is designed for medical students and residents
in both pediatrics and radiology, nurse practition-
ers, physician assistants, and all who take care of
children.

This edition gets us back to basics with a new
chapter on the effects of radiation in children. It
deals more with what to order and why. The prolifer-
ation of imaging techniques is not a good thing if
imaging replaces superb history taking, good physi-
cal examination, and excellent clinical judgment.

We continue the socratic approach of asking
questions to stimulate the reader’s interest. There are
30% more new pictures and more quiz cases.

We have attempted to write this book at several
levels - the text for the medical student and nonradi-
ologist, the figures with images of various complex
diseases and findings to further stimulate the radiol-
ogy resident, and the further reading lists to encour-
age those who want to know more.

We hope you enjoy this “quick read.”

The Authors
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Preface to the First and Second Edition

Preface to First Edition

The idea for this book grew out of our experience in
teaching pediatric radiology to clinicians and stu-
dents. Clearly, there is a strong desire on the part of
those taking care of children to familiarize them-
selves with the rudiments of the pediatric radi-
ograph. While radiologists have primary responsibil-
ity for the interpretation of films, clinicians bring
valuable insight and information. Often they present
additional important data or ask searching questions
that prompt a re-evaluation of the films so that a
more appropriate diagnosis may be obtained.

While primers are available in adult radiology,
comparable editions in pediatrics are lacking. We
have therefore adapted the teaching sessions of
Joseph O. Reed, Director of Radiology at Children’s
Hospital of Michigan and Professor of Radiology at
Wayne State University School of Medicine, as the
framework for our text. In addition, Rosalind H.
Troupin has generously allowed us to use some of her
ideas for this book, which is an elementary guide to
common pediatric radiographic examinations and
problems. It is our intent to provide an approach to

Preface to Second Edition

Why did we write a 2nd edition? There were several
reasons. First, the popularity of the first edition de-
manded a repeat. Students, housestaff, clinicians, and
directors of radiology, pediatric radiology, and pedi-
atric programs across the nation were continually
calling us to ask where they could obtain more
copies. The first addition was simply sold out; there
were no copies left.

Second, in our capacities as directors of pediatric
radiology departments, we also ran out of copies; we
found the first edition so helpful in acclimating our
radiology and pediatric staffs to pediatric radiology,
that we needed new copies for ourselves.

Third, in the ten years since publication of the first
edition there have been major changes in the field of
radiology. Therefore, we really needed to update it;

these examinations to help the clinician discern the
normal from the abnormal. A second goal is to help
the pediatrician, house officer, and medical student
learn the indications for various procedures, as well
as to recognize some of the more common abnor-
malities. This text is by no means meant to provide
an in-depth discussion of various disease entities,
nor is it intended to catalog the various subtle radi-
ographic findings in these entities.

The radiographs in this volume are often repro-
duced to enhance a single finding under discussion,
often at the expense of other portions of the film.
Also, arrows and letters have been kept to a mini-
mum so as not to obscure the radiographs.

It is our hope that, by providing this primer for
pediatric radiology, we will stimulate clinicians to
visit the X-ray department, share in the interpreta-
tion of their patients’ films, and continue to stimulate

us so that together we can provide optimal care for
children.

Jack O. Haller - Thomas L. Slovis

hence, the added information on ultrasound, CT, and
MRI. While it is hard to cover such complex fields in
abook such as this, we have tried to give the reader at
least a working practical introduction to the topics as
they relate to pediatrics.

We know, based on our experience with the first
edition, that this volume will be helpful to clinicians
and housestaff from both radiology and pediatric de-
partments. But we have also found that family prac-
tice and emergency physicians, nurse practitioners,
and physicians’ assistants profit from reading the
first edition; we have also geared our new text to-
wards these groups as well. Enjoy!

Jack O. Haller - Thomas L. Slovis
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1 Diagnostic Medical Imaging: How, Why, and When

Introduction

Diagnostic medical imaging can be accomplished in
many ways using various physical tools. X-rays (gam-
ma rays) create the images seen on plain films and in
fluoroscopy, angiography, and computed tomogra-
phy. A tomogram is an image of a thin section, a
small slice of the whole body, demonstrated with in-
creased resolution and detail. Gamma rays are also
used in nuclear medicine and positron emission to-
mography (PET). Sound waves create the informa-
tion necessary to make an ultrasound image, while
magnetic fields provide the data for an image in a
magnetic resonance (MR) examination. The prolifer-
ation of imaging modalities for diagnostic evaluation
is predicated on the emergence of the computer. It is
the vital cog for acquisition and processing of the da-

Fig. 1.1. Frontal three-dimensional computed tomographic
image of a teenager who was hit in the forehead by a ham-
mer. Note the exquisite detail of the shattered bone

ta and the manipulation after processing (postpro-
cessing). Reconstruction of images in many planes
and three-dimensional rendering of the anatomy are
among the most valuable options offered by postpro-
cessing (Fig. 1.1). Use of computers for storing and
moving images is rapidly evolving. Picture archiving
communication systems (PACS) now permit images
to be seen in real time on imaging monitors through-
out the hospital, on the Internet via web servers in
the hospital, and in remote locations such as physi-
cians’ offices and homes.

Nature of Radiographs

X-rays are short electromagnetic radiations pro-
duced by energy conversion when fast-moving elec-
trons from the filament of the X-ray tube interact
with the tungsten anode (target) (Fig. 1.2). When an
X-ray beam is directed toward a part of the body,
X-rays are absorbed by the more dense tissue (e.g.,
bone), causing ionization within the body. X-rays
that pass through the entire body interact with the
recording medium, forming an image. The recording
medium may be X-ray film but more commonly is an
activated cassette (computed radiography, CR) or a
directly digitized image which is then immediately
placed on the PACS system. The resultant image is a
recording of internal body structures in which the
black areas represent regions that have allowed the
X-rays to pass through and the white areas the re-
gions that have absorbed all X-rays. Thus, the least
dense body structures (i.e., lungs) appear black, and
the more dense structures (i.e.,bone), which have ab-
sorbed the X-rays, appear white (Fig. 1.3). The ability
to postprocess digital images has caused a “discon-
nect” and makes all images look good. We can no
longer tell by looking at the image whether the dose
of radiation used for the exposure is appropriate.
This is called the “uncoupling effect,” where the final
product is uncoupled from the amount of radiation
utilized.
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Fig. 1.2. Production of X-rays

Fig. 1.3. Frontal chest examination of a child

The normal lungs are air-filled and are black. The heart (h)
has absorbed some radiation and is gray. It is similar to the
liver (L). The bones have absorbed the most radiation. Note
the spine (s) and the anterior rib margins (ar). The heart and
liver are transparent organs and you can see the pulmonary
vascularity (arrows) through them. The arrowhead is on the
pedicle of the spine

In addition to static radiography, there are many
diagnostic X-ray methods which let us see images in
“real time.” Fluoroscopy allows us to study internal
body functions, for example, respiratory motion, car-
diac motion, or peristalsis of bowel. In fluoroscopy
the image is portrayed through an intensifier onto a
television monitor. Individual static radiographs can
also be taken during this procedure. Cineradiography
is the recording of successive fluoroscopic images on
videotape or DVD. Since a major reason for fluo-
roscopy is visualization of motion, detailed resolu-
tion of the image may not be crucial. By using an in-
termittent rather than constant X-ray beam - pulsed
fluoroscopy - the radiation dose can be diminished
without loss of diagnostic information (see Chap. 2).

Some X-ray studies involve the use of contrast
media. These substances are used to enhance and
emphasize visualization of structures of the body.
They can be injected, swallowed, or given as enemas.
Examples of contrast media are air, barium sulfate,
iodine-containing solutions, and gadolinium. Bari-
um and iodine are quite dense and absorb the X-ray
beam - thus appearing white - hence their useful-
ness in demonstrating internal structures (Fig. 1.4).

Angiography is the study of blood vessels after
contrast medium has been injected. The contrast
medium flowing through the blood vessels of select-
ed organs or masses reveals minute vascular detail
(see Chap.9). Computed tomographic angiography
(CTA) utilizes contrast medium but avoids more in-
vasive catheterization, while magnetic resonance
angiography (MRA) images the blood vessels with or
without contrast medium with the use of computer
manipulation (see below).

Radionuclide imaging - nuclear medicine and
PET - utilizes a radioisotope. It is combined with a
compound that normally goes to a specific organ or
organs of the body, for example, bone or liver. When
injected, it accumulates in these tissues, where it
emits gamma rays that can be recorded on film or on
a computer. Because of specific organ-tissue binding
or excretion, nuclear medicine can give functional
(physiological) information. The tomographic (thin-
section) equivalent in nuclear medicine is single-
photon emission computed tomography (SPECT).
Tomographic studies have increased resolution com-
pared to routine nuclear studies.

PET is also a tomographic nuclear medicine study.
In this instance, however, specially created positron-
emitting radioisotopes (made by a cyclotron) of high
energy and very short half-life are incorporated into
metabolically relevant compounds and used to bind



Nature of Radiographs

Fig. 1.4. Use of contrast
a Supine film of the abdomen shows air in the bowel (black), but it is uncertain which is small or large bowel

b Barium, a contrast agent, was placed in the colon. Stool (dark, circular objects) within the colon is outlined by the barium.
The X-ray beams are absorbed by the barium, and thus the colon appears white and allows delineation of the air-filled upper
gastrointestinal tract (black)

to a specific organ/receptor. Most often for body
imaging in oncology, 18-fluoro-deoxyglucose (FDG)
is the agent selected. This isotope has a half-life of
100.9 min.

The ability to merge images from different imag-
ing studies has led to the development of PET-CT.
This fusion of both anatomical and physiological da-
ta allows for more sophisticated diagnoses. By being
able to detect “viable” tumor, the correct therapy can
be given. The next step is the development of a “deliv-
ery package” (a way to bind the therapeutic agent
to a compound which delivers it specifically to the
tumor) via molecular tracers.

Remember that X-rays pass through the body to
hit a detector. Those X-rays stopped by the body are
immediately absorbed and are seen as white (i.e.,
bone). On the other hand, the child who is injected
with a radioisotope emits radiation, which is detected
and made into an image. The isotope emits radiation
until it decays — a matter of the half-life of the isotope
and physiological excretion. When technetium-99m

is used (half-life of 6 h), a child with normal urinary
excretion will lose 50% of the radiation in the first
6h.

Computed tomography (CT) utilizes an X-ray
beam in a rotating carriage to scan a narrow cross-
section of the body. In conventional CT the X-ray
beam and detectors rotate about the patient, while in
the newer spiral (helical) scanners there is continu-
ous movement of the patient through the gantry as
the radiographic tube and detector system rotate
about the patient (continuous acquisition). When
intravenous contrast medium is used, spiral CT can
also produce angiographic images (CTA). A comput-
er within the CT unit synthesizes the data generated
by either of these processes and reconstructs them
into images that can be displayed. The radiologist has
a choice of various software programs (algorithms),
each of which highlights specified densities and con-
trast (bone, soft tissue, etc.). The portion of gray scale
pertinent to the anatomy is achieved through win-
dow and level selections on the console. Table 1.1

3
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Fig. 1.5. CTA in three-dimensional reconstructional format
a Posterior view shows a large aneurysm (arrow) at the bifurcation of the internal carotid artery on the patient’s right. You are
viewing this patient from behind. The arrowhead on the other side shows the normal bifurcation

b Lateral view shows the large multilobulated aneurysm (arrow)

Table 1.1. Density and Hounsfield units as noted on CT

Substance Color HU (CT units)
Bone Most white 750-1000
Contrast White 75-300

Soft tissue Gray 40-60

Water Dark gray-black -10to +10

Fat Black -100

Air Most black -500

shows the appearance of the various densities on CT.
Density is measured in Hounsfield units (CT units).

There are now multidetector CT scanners (MD-
CT) with 4, 8, 16, 32, and, on the horizon, 64 detector
units. These are exquisitely fast and present highly
detailed images and reconstructions. The recon-
struction shows much more than we can see on the
axial images alone. With these new units, CTA rivals
conventional angiography in detail while being much
less invasive (Fig. 1.5). The MDCTs give a higher radi-
ation dose (see Chap. 2) than the single-detector
units.

Other Imaging Modalities Without Radiation
High-frequency sound (>20,000 cycles per second) is
called ultrasound and may be produced by a piezo-

electric crystal. The crystal is the most important
component of the ultrasound transducer (Fig. 1.6).

Coaxial Cable

Plastic Housing

2 n -—E—— Acoustic Insulator

\
if \\ |
b B
% N : “Live" Electrode

LTI T T IR UL \—Crystui E!ement
“Ground" Electrode

Insulated Cover

Backing Block

L

Fig. 1.6. Ultrasound transducer. (From [1] with permission)



Other Imaging Modalities Without Radiation

Fig. 1.7. Ultrasound of the gallbladder with
gallstones

The gallbladder (GB) appears black and the
arrow points to an echogenic (white) stone.
The stone blocks the echoes from passing
posteriorly and creates a black shadow (S).
Note the liver which is echogenic (gray)
directly anterior and to the left of the
gallbladder

The transducer converts an electrical signal into
ultrasonic energy (sound) that can be transmitted
into tissues. The echoes returning from the patient
are then converted back into an electrical signal and
recorded on film or on PACS. Color-flow Doppler im-
aging allows us to examine the nature of vascular
flow (patency, waveform, etc.). Diagnostic ultrasound
causes no known significant biological adverse effect
at the frequencies that we use. The ultrasonic appear-
ance of normal body tissue is as follows:

@ Without echoes: anechoic; these appear black
- Cystic regions or fluid-filled viscera
(e.g., gallbladder)
- Blood vessels: flowing blood
@ With echoes: shades of gray and white
- Viscera (e.g., liver, spleen, brain)
- Air: artifact behind it
— Calcium and bone: the whitest; blocks echoes
behind it (shadowing) (Fig. 1.7).

Doppler ultrasound allows us to visualize vascular
flow. It can be pulsed Doppler showing merely wave-
forms or imaging Doppler showing color flow within
a vessel or in organs (Fig. 1.8). Ultrasonic contrast
agents consist of microbubbles which, when injected
intravenously or within a fluid-filled structure, are
easily visualized as turbulence and enhance the con-
spicuity of blood or fluid flow. The usefulness of
these contrast agents is the subject of future research.

MR captures the rotational motion of the electri-
cal charge on protons in the nucleus of cells of our
body as they respond to a magnetic field. There is

Table 1.2. Spin echo appearance on MR imaging

Tissue T1 T2 Clues

Fat White Gray Fat fades
Flowing blood  Black Black Blood is black
Water (fluid) Black White Water whitens
Bone Black Black Bone is black

no ionizing radiation and no significant biological
effects at the magnetic strengths in clinical use. As
with other forms of imaging, computer manipulation
of the data allows the production of images in multi-
ple planes. A pulse sequence is a combination of
imaging parameters which the physician selects to
produce images of predictable tissue contrast. The
spin-echo concept of MR uses two basic pulse se-
quences, called TT and T2 based on tissue relaxation
time. T1 is the anatomical sequence while T2 is the
pathological sequence showing most pathology as
white (Fig. 1.9). We use the different appearances of
specific tissues on T1 and T2 to diagnose the nature
of these entities (Table 1.2).

From the basic T1-weighted and T2-weighted con-
cept have evolved multiple sequences developed to
emphasize specific body parts, vessels, or pathology
(Table 1.3). It may be important to eliminate the sig-
nal of fat (fat-suppressed images) so that the pathol-
ogy can be better appreciated.

MR examinations were initially quite slow. With
higher-field-strength magnets, echo planar single
shot and volumetric techniques have allowed pro-
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i TRANS RT KID
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Fig. 1.8. Doppler ultrasound

a The kidney is seen with color-flow Doppler in the vessels throughout the kidney. The flow towards the transducer is shown
as red, orange, and yellow while that away from the transducer is shown as dark blue to light blue. The greatest velocities are
the lightest colors

b Utilization of both the image and the Doppler wave form shows systole as a vertical upsweep and diastole as the lower, more
horizontal region. This is Doppler ultrasound of the same kidney seen in a

Fig. 1.9. MR imaging of the brain

a T1 sequence shows the cerebrospinal fluid (CSF) in black. The arrow points to the left occipital horn. Note the large white
area (asterisk) on the right effacing the right occipital horn

b T2 image of the same region shows the CSF in the lateral ventricles as white (arrow). The pathological lesion in the right
thalamus represents a hemorrhagic tumor. Note that its consistency on T2 differs from that on T1
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Fig. 1.10. Magnetic resonance spectroscopy (MRS)

a A T2-weighted MR image with the voxel (the box with the X) in normal tissue

b MRS done with the long point-resolved spatially localized spectroscopy (PRESS technique) is normal. The horizontal
axis is parts per million (ppm). The tallest peak occurs at 2 ppm and represents N-acetyl aspartate (NAA). The scale is
positive to the viewer’s left and negative to the right. The second largest peak, at 3 ppm, is creatine (Cr)

¢ The same image as in a but now with the voxel on a large tumor in the posterior fossa

d Spectroscopy here shows absence of the NAA and Cr peaks. There is a large peak at 3.3 ppm which represents choline
(CHO). This is markedly elevated in tumors
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Table 1.3. Pulse sequences

1. Spin echo - the gold standard
a) Conventional
b) Fast spin echo (FSE)

Both conventional and FSE can give T1 or T2 images depending on the parameters utilized. T1 shows anatomy while
T2 shows pathology since pathology has increased water (edema) or vascular component. FSE is used
for MR urography, cholangiopancreatography, and myelography.

2. Inversion recovery (IR)

Enhances tissue contrast. Can be T1 (IR in central nervous system for showing myelination in infants) or T2
(FLAIR in central nervous system for diminishing (blackening) spinal fluid signal to show paraventricular pathology).
Used extensively in musculoskeletal imaging STIR (short tau inversion recovery) to eliminate fat signal.

3. Gradient echo (GRE)
a) Conventional
b) Three-dimensional

Both conventional and three-dimensional GRE lowers resolution but enhances contrast. Conventional gradient echo
can be used to show hemosiderin while three-dimensional allows for angiographic studies (MRA and MRV).

4. Echoplanar imaging (a form of ultrafast imaging)

Allows for functional imaging, diffusion weighted imaging, and cardiac imaging.

5. Ultrafast sequences
MR fluoroscopy

duction of multiple images in a matter of seconds to
minutes. This has permitted the development of dif-
fusion (earliest imaging of acute cerebral infarct),
perfusion (relative cerebral blood flow), and fetal
imaging. Cardiac anatomy and flow imaging is rou-
tinely performed.

MRA is accomplished through computer manipu-
lation to “show” only blood vessels and to “suppress”
everything else; vascular structures are beautifully
visualized (see Chap. 9).

Magnetic resonance spectroscopy (MRS) is a bio-
chemical evaluation of the brain. It is used to identify
and quantify metabolites and by its spectrum sepa-
rate pathology from normal tissue (Fig. 1.10).

Proper Utilization of Imaging

An imaging test should be obtained when the value
of the result is greater than the cost (risk) of the test.
Costs are defined in many ways - monetary, radia-
tion, morbidity (sedation or contrast medium), anxi-
ety of the patient and the parents, time, and incon-
venience. In the current health-care environment less
is clearly better for the system but not necessarily for
the patient. It is our job to make sure that every
patient gets the appropriate imaging suited for
his/her particular clinical need.

Once the decision is made to image, the radiolo-
gist considers the differential diagnosis and the
appropriate questions asked by the pediatrician. The
answers to the questions posed before ordering a test
enables a proper examination. If a functional ques-
tion is asked (e.g., about the percentage of renal
function), a nuclear study is optimal, while an
anatomical study, such as ultrasound, is not
(Table 1.4). The imaging study chosen should give re-
sults leading to the proper diagnosis; even a negative
result may provide useful information and lead to
appropriate advice or counseling.

The major problem of utilization remains overuti-
lization, e.g., the ordering of skull films for insignifi-
cant trauma, or “routine” chest films, or repeating
films already obtained. Proper utilization also in-
volves choosing the correct modality to answer the
question. Lack of knowledge on a clinician’s part of
the capabilities and limitations of an imaging proce-
dure, overdependence on imaging rather than the
clinical evaluation, and the use of imaging as a
screening procedure all lead to many unnecessary
examinations.

The pediatric radiologist influences utilization
practices and helps obtain the optimal study. Conver-
sant with all the modalities and their pitfalls, the ra-
diologist can reduce the number of films/examina-
tions to decrease radiation dose and can teach the
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Table 1.4. Comparison of modalities

Plain film  X-ray Global view of anatomy

Ultrasound Sound waves Good organ detail,
anatomical

CT X-ray Good organ detalil,
quick, anatomical

MR Electromagnetic ~ Great tissue contrast,

waves multiple planes;

anatomical; new inroads
to functional imaging

Nuclear Gamma rays Physiological (functional)

Does not reveal fine
detail of organs

Operator-dependent;
air and/or bone may prevent
visualization of organs

May need sedation
and/or contrast

Relatively slow, needs
sedation in younger children;

Least expensive

No radiation, no sedation;
less invasive;
relatively cheap

Moderately expensive,
radiation

Most expensive;
no radiation

may need contrast

Organ-specific;
poor on anatomic detail

Moderately expensive

technologist the various ways to avoid repeat films or
to lower the dose, for example, in CT examination,
using a lower milliamperage (see Chap. 2).

The imager who examines children has a multifac-
eted role: (a) as a consultant determining the appro-
priate examination(s) and the number of films neces-
sary, (b) as a member of the health care team inter-
preting films and conserving resources, and (c) as a
teacher of his/her clinical colleagues.

The role as a consultant is vital for improved pa-
tient care. In the past, most clinical groups made reg-
ular rounds in the radiology department. As use of
PACS and web server access to images increases, the
clinician may never come to the radiology depart-
ment but can see the image without a report and
without ever discussing the findings or the correct
next imaging procedure with a radiologist. Immedi-
ate and concurrent transmission of the report (voice
recognition dictation) with the image would allow
the expert (pediatric radiologist) to provide a useful
interpretation. This step is evolving rapidly. However,
it is still important in many instances that the radiol-
ogist discuss the case with referring clinicians. Time-
ly and effective communication between the clinician
and radiologist becomes a challenge of the new tech-
nology.
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2  Understanding Radiation and Its Effect on Children

Every day each of us receives 1 millirad of radiation
from environmental sources. The biggest contribu-
tion to environmental radiation comes from radon
gas, which is a decay product in the uranium series.
However, the largest source of radiation exposure
resulting from human activity is diagnostic X-rays.
Using this as a reference point, Table 2.1 shows the
various ways of expressing radiation. The unit of ab-
sorbed dose is the gray, while the unit of absorbed
dose equivalent and effective dose - quantities used
in radiation protection - is the sievert. In today’s
medical imaging compendium, CT accounts for per-
haps 70% of the effective radiation dose. The doses
expressed in Table 2.2 are in fact those of the multi-
detector CTs. These doses are much higher than with
the older single-detector systems.

Since radiation is ubiquitous in our environment,
why are we concerned about medical radiation?
Firstly, the background dose is much lower than that
of CT. There have never been proven deleterious ef-
fects secondary to “normal” background radiation.
The biological effects of radiation result primarily
from damage to DNA, but not all damaged DNA
causes ill effects. Single-strand breaks of DNA are

Table 2.1. Units of radiation?

readily repaired and there appear to be no measura-
ble effects. On the other hand, breaks in both DNA
strands are more difficult to repair. It is this sort of
damage that causes genetic mutations, carcinogene-
sis, and cell death. Some effects of radiation are pure-
ly related to dose-deterministic effects. As an exam-
ple, for a given radiation dose to the eye, a cataract
will form in the lens. Since we know these doses, and
they are large, deterministic effects should be easy to
avoid. Stochastic effects are much more insidious. In
this instance, any radiation may cause DNA damage.
The effect depends on what portion of the DNA is in-
jured. Since this effect occurs at random, there is a
probability of DNA injury at any dose and therefore
no safe threshold. This leads to the concept of linear
no-threshold. This principle states that no level of ra-
diation exposure can be assumed to be absolutely
safe.

Of those effects caused by radiation (genetic mu-
tations, carcinogenesis, and cell death), the one we
are most concerned about is carcinogenesis. There
are a lot of data for radiation-induced cancer, both
incidence and mortality. The incidence of cancer is
2-2.5 times greater than the mortality. The biological

Table 2.2. Relative dose by imaging test?

Units of radiation absorbed dose: rad (rad), gray (Gy)
1 Gy = 100 rad
1cGy=1rad
1 cGy = 1000 mrad

Unit of absorbed dose equivalent or effective dose, terms
used for radiation protection only:
sievert (Sv), rem (roentgen-equivalent-man)
1Sv =100 rem
10 mSv = 1rem
Rem = radxquality factor. For X-rays and gamma rays
the quality factor = 1

Unit of exposure: roentgen

2 Background radiation is approximately 1 millirad/day.
mrad = millirad = 1/1000 of a rad.
mSv = millisievert = 1/1000 of a sievert.

Chest examination, 2 views 10-20 mrad
Abdominal examination, 1 view 50-100 mrad
Fluoroscopy
Nonpulsed 300-500 mrad/min
Pulsed 100-150 mrad/min
CT®
Head 6 rad (2-3 rad)
Abdomen 3 rad (1 rad)

3 Background radiation approximately 1 mrad/day (really
300 mrad/year).

b Scan dose expressed as CT dose index. The first dose is CT
with “adult” factors.

The dose in parentheses is the dose when CT parameters are

adjusted for children.
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effects of radiation are greatest on the faster-growing
organisms - the fetus, infant, and young child. The
thyroid gland, breast tissue, and gonads are organs
with increased sensitivity in growing children. Work
originally published in 1958 by Alice Stewart [1], sub-
stantiated in 1977 by Bithell and Stewart [2],and con-
firmed in 1997 by Doll and Wakeford [3] shows that
the excess risk of cancer (above the spontaneous lev-
el) in fetuses whose mother was irradiated in the
third trimester is increased by 40 % (if the baseline is
1/1000, then risk is 1.4/1000 of a particular cancer). It
is obvious that the first factor in children’s vulnera-
bility to radiation carcinogenesis is the age at expo-
sure.

A second factor in children’s vulnerability to radi-
ation carcinogenesis is the life-long cumulative effect
of radiation. The younger the patient and the more
times he/she is exposed to radiation, the higher the
probability of cancer. This is why we want appropri-
ate usage of all radiation-producing tests (CR, CT,
etc.). The third factor which explains why children
are at the greatest risk of radiation carcinogenesis is
the fact that it takes a long time to develop a cancer
and that children have the longest life span remain-
ing after exposure.

Until 2000 there were only theoretical reasons why
low-dose radiation (between 0.5 and 120 mSv) caused
increased carcinogenesis. Pierce and Preston studied
the data from the atomic bomb survivors who had
received doses in this range and found 35,000 sur-
vivors with a 50-year follow-up [4]. They knew the
age at exposure and they found that the solid cancer
risks persist over 50 years. There was a 10% increase
over the expected cancer rate. The kinds of cancers

observed in the survivors were the same cancers seen
in older people but occurred at a somewhat younger
age. The youngest children were 10 times more sensi-
tive than middle-aged adults. The cost of this study
was over a half a billion dollars and there was a suit-
able control. There has never been a more careful
study of the effects of radiation.

Brenner showed that our current CT doses overlap
those doses from which excessive cancers were oc-
curring in the atomic bomb survivors (Fig. 2.1) [5].
He estimated that a small but significant risk of
excess cancers would occur in children exposed to
these CT doses. It is a small individual risk, but since
the use of CT in children is increasing rapidly, it
becomes a significant public health problem.

Radiation-producing modalities and specifically
CT are some of the most valuable tests in diagnostic
imaging. CT use is increasing for “routine” diseases
such as kidney stones, appendicitis, and bowel ob-
struction, to mention just a few. It is helping us make
rapid diagnosis and improving outcome. It is appro-
priate to use CT when the benefits outweigh the risks.
Therefore it is the responsibility of the referring
physician as well as the pediatric imager to make
sure we are dealing with the most appropriate test for
a specific problem. MR and ultrasound frequently
can replace a radiation-producing test.

Once the pediatric imager has screened the re-
quest for the appropriateness of the examinations or-
dered, it is then important to give the least radiation
necessary to obtain a diagnostic image during the ex-
amination. This occurs when one pays specific atten-
tion to detail. In CT this means attention to the mil-
liamperage (mA) multiplied by time of exposure in
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seconds (mAs). Milliamperage seconds is linearly re-
lated to dose. The kilovoltage (kV) utilized is impor-
tant as small increases in kV result in greater increas-
es of dose. We must also determine how many phases
of the exam we do, i.e.,do we do the examination first
without contrast and then with contrast? With a two-
phased examination there is double the radiation
dose. The general concept of ALARA - as low as rea-
sonably achievable - should always be utilized. We
must obtain diagnostic images but must also be
aware of the cost in radiation for that image.
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3 Chest Examinations in Children

The chest film is the most frequently ordered pedi-
atric radiographic examination. However, because
one looks at so many chest radiographs, familiarity
may create a false sense of security rather than ex-
pertise. A thorough, detailed, systematic approach to
the radiographic evaluation is crucial for anyone
dealing with children. In this chapter we discuss the
general diagnostic principles and approach; the
specifics of chest examinations for neonates and in-

Fig. 3.1. Normal inspiratory chest

fants are reviewed in Chap.4. This chapter also
stresses those areas where the approach to the pedi-
atric chest radiograph differs from the adult film
[the 3 T’s: technical factors, tubes, and traps - i.e.,
anatomical structures unique to kids; thanks to
Dr. Moira Cooper, pediatric radiologist, (British Co-
lumbia Children’s Hospital, Vancouver, Canada)]. We
present common pathological conditions as a foil to
the normal chest film (Fig. 3.1).

a Frontal examination reveals a normal lung volume. The criteria for a normal lung volume are: (a) less than one-third of the
heart is projected below the hemidiaphragm; (b) the diaphragm is rounded, and the sixth or seventh anterior rib (ar) inter-
sects the diaphragm; and (c) the lungs are air-filled (black). This is a properly positioned, nonrotated film as evidenced by
(1) comparative anterior ribs equidistant from the pedicles (p), (2) medial aspects of the clavicles (cI) symmetrically posi-
tioned, (3) the carina approximates the right pedicles (arrow), and (4) no difference in aeration between the two sides. The
film was taken with the patient erect, as shown by the air-fluid level in the stomach (arrowhead)

b Lateral examination confirms normal aeration of the lungs. Note that the vertebral bodies (vb) get blacker as we go from
superior to inferior. The patient is slightly rotated as you can see the ribs on each side (arrows)
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Technical Factors

Technical problems in pediatric radiology are caused
largely by uncooperative children. The young pa-
tients are not feeling well, the environment is strange,
and they may as a result be quite frightened. Prelimi-
nary evaluation of the chest radiograph should assess
these technical factors:

@ The degree of inspiration: lung volume

@ The position of the patient: extent of rotation and
posture of the patient

©® How the film was obtained

® Adequacy of the exposure

Lung Volume

The radiographic examination of the chest begins
with frontal and lateral roentgenographs taken after
deep inspiration. The degree of inspiration, i.e., the
lung volume, generally determines what is seen on
the film. The answers to the questions in Table 3.1
determine whether or not adequate lung volume is
obtained.

If the child has taken a shallow breath, the heart
may appear enlarged, the vessels may coalesce to give
a false impression of an opacity, especially in the re-
gion of the bases and hila, and sometimes the radi-
ograph has a hazy quality due to the influx of blood
and lack of aerated lung.

Hyperexpansion of the lungs - pathological in-
crease in lung volume or air trapping - is involuntary.
The changes of hyperexpansion listed in Table 3.1
should be visible on both frontal and lateral films.
Figures 3.1-3.3 demonstrate the differences between
the normal radiograph and those in which inspira-
tion is either pathologically increased or suboptimal.
Can you pick out the optimal radiograph?

Position of the Patient

The position of the patient is determined by rotation
and posture (lying, sitting, or standing).

The child’s posture is important. When the patient
is supine, the vascular supply to the upper and lower
lobes is equal since gravity has no effect. When the
child is sitting or standing, gravity plays a significant
role, and the upper-lobe vessels are less distended
than the lower-lobe vessels (one-third to two-thirds
size). One can determine an erect film by looking at
the air-fluid level in the stomach and at changes in
the pulmonary vasculature.

Rotation of a child is determined by the answers
to the questions in Table 3.2. Figure 3.4 shows the
parameters that determine rotation, while Fig. 3.5
exemplifies the posture of the patient, showing
supine and erect films. Compare these figures with
Fig. 3.1. To which side is the child rotated in Fig. 3.4b
and e? See Appendix 2.

Table 3.1. Determining lung volume: questions and answers (Figs. 3.1-3.3)

Question

How much of the heart projects below the dome
of the diaphragm on the frontal view?

On the frontal view, are the domes
of the diaphragm flat?

Are the hemidiaphragms flat or vertically oriented
on the lateral film?

Which anterior rib crosses the diaphragm

on the frontal film? (Remember that the anterior
ribs move more than the posterior ribs

on good inspiration)

On the lateral view, is there a triangle of air
behind the heart?

Are the lungs black or white on the frontal film?

Answer

More than 1/3: expiratory effort; not enough air in lungs
Less than 1/3: good inspiratory effort; normal amount of air
None: may be hyperexpanded; too much air

No, very domed: expiratory examination
No, rounded: good inspiratory effort
Yes, flat: good or may be too great a lung volume

No, horizontally oriented: expiratory effort
Yes, vertically oriented: good or possibly increased lung volume

3rd or 4th: expiratory effort
5th or 6th: inspiratory effort
7th or lower: good or possibly too great a lung volume

No: expiratory effort (except if large heart)
Yes: inspiratory effort

Black: air-filled, inspiratory
White or gray: not air-filled, expiratory




Position of the Patient

Fig. 3.2. Expiratory chest

a Frontal film taken during expiration, i.e., (a) more than
one-third of the heart projects below the diaphragmatic
margins (below the dotted line), (b) hemidiaphragms are
domed, and the fourth anterior rib (ar) crosses the
diaphragmatic margin, and (c) the lungs are not as well
aerated. The patient is rotated, as shown by (a) asymmetric
comparable ribs in relationship to the pedicles and (b)
asymmetric position of the clavicles - note the right end
of the clavicle (cl) is quite laterally positioned

b Expiratory lateral film shows no posterior air space
behind the heart (compare this to Fig. 3.1)

c-e These three films are in varying degrees of inspiration:
c is an optimal inspiration; d is acceptable but less than
average with the 5th anterior rib at the diaphragm; e shows
complete expiration with almost a white-out of the lungs.
It is important to appreciate the degree of inspiration so
one can make an accurate determination of any pathology

17
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Lungs are black
(film not overexposed)

Entire heart is
above diaphragm

Diaphragms are flat Q

(not dome-shaped)

Fig. 3.3. Hyperexpanded chest radiograph

a Frontal view. The entire heart is projected above the diaphragm, the hemidiaphragms are flattened, and the lungs are quite
black - yet the film is not overexposed. You know this because you can see the pedicles of the spine behind the heart and the
peripheral vasculature (arrow)

b Lateral view. The hemidiaphragms are obliquely oriented (arrow), and there is a large air space (a) both behind and in front
of the heart. Remember: hyperexpansion is involuntary and is caused by air trapping. It must be seen on both frontal and
lateral projections

¢, d Comparable drawings of the hyperexpanded lungs



Position of the Patient

Clavicles are
asymmetric

Difference in aeration
(not shown)

Heart projected
over hemithorax

Ribs are asymmetric

Ribs visible;
spinous processes
not visible

Heart is rounder

Fig.3.4. The rotated chest

a Schematic drawing demonstrates the signs of rota-
tion - asymmetric clavicles, differences in aeration
(not shown), heart projected over one hemithorax
and not the other, asymmetric ribs when relating the
anterior rib to the pedicle

b Rotated chest as in a. Note the child has an opacity
(arrow) in the lower right lung field. To which side is
the child rotated? (Answer in Appendix 2)

¢ Schematic drawing of the rotated lateral film.

The ribs are visible and not the spinous process

d Lateral radiograph of child in b, showing these
findings and the posterior opacity (arrow)

e Another rotated child with all of the abnormalities
described above. To which side is this child rotated?
(Answer in Appendix 2).
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Fig. 3.5. Effect of patient position and the tube target distance

a Patient in supine position, with approximately 46 in. (ca 1.2 m) between the X-ray tube and the film. Upper-lobe vessels
(arrow) are equal in size to those of the lower lobe (arrow). The heart is magnified. There is a central venous catheter in place
b Patient is erect and 6 ft (ca 1.8 m) from the X-ray tube. It is difficult to see the upper lobe vessels, but the lower lobe vessels

are easily seen

Table 3.2. Determining rotation: answers and questions

On the frontal film, are the anterior ribs equidistant
from ipsilateral pedicles?

Are the medial aspects of the clavicles symmetrical
in relation to the midline on the frontal view?

What is the position of the carina in relation
to the right pedicles on the frontal film?

Is one lung blacker than the other on the frontal view?

On the lateral view, are the ribs seen posteriorly?

No: rotated patient
Yes: straight patient

No: rotated patient
Yes: straight patient

To the left of the right pedicles: patient is rotated,
or another abnormality is present
Approximates the right pedicles: patient is straight

Yes: patient is rotated, or abnormality is causing
localized difference in aeration
No: straight patient

Yes: rotated patient
No: straight patient




Adequacy of Exposure

How the Film Was Obtained

The third major technical factor to keep in mind
is how the film was obtained. Greater magnification
occurs when structures, such as the heart, are farther
from the film. When the X-ray beam passes through
the patient from back to front [a posterior-ante-
rior (PA) projection], the heart is closer to the film
and is less magnified. Conversely, if the X-ray
beam enters the front of the patient’s chest, passes
through the back and onto the film [an anterior-
posterior (AP) projection], the magnified heart
and great vessels may give the impression of car-
diomegaly. This is a common problem with portable
chest films, which are taken in the AP direction.

Another important factor in magnification is the
distance of the X-ray tube from the film. Routinely,
portable films are exposed 40 in. (ca. 1 m) from the
tube, adding to the magnification. Figure 3.6 shows
the principles of magnification and the criteria for
recognizing how a film was obtained.

Adequacy of Exposure

Be sure that the film is properly exposed or the
digital image is windowed and leveled properly
(Figs. 3.7,3.8). You can tell this on the frontal film by
examining the vertebral column behind the heart. If
you can see the detailed spine and pedicle through
the heart and can also see the pulmonary vessels in
the peripheral lung, the exposure is correct. If you
see only the spine but not the pulmonary vessels, the
film is too dark (overexposed). On digital images,
the exposure will usually be correct as one can win-
dow and level the picture. However, on digital im-
ages, one cannot tell much about radiation dose
(Chap. 2).

Film

Very magnified

&

Magnitied

&

Fig. 3.6. Tube-film distance and magnification
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Fig.3.7. Adequacy of exposure

a This is an entirely black film, showing that there has been
too much exposure (overexposure) and all of the X-ray
beams have passed through the patient to hit the cassette
or film and none were absorbed by the patient

b This is an underexposed examination. The film is white,
and you can barely see the surgical sutures (arrow) in the
sternum and cannot see the spine at all

c This is a (overexposed) frontal examination; a properly
exposed examination is seen in Fig. 3.1. Note how on the
poorly exposed film the pedicles can be seen (arrow),

but you cannot see peripheral lung markings



Traps: Unique Anatomical Normal Variants and Positions of Tubes

Fig. 3.8. On the properly
exposed films, you can see
both the pedicles (p) and the
peripheral lung markings
(arrow).Is the film up
correctly? (See Appendix 2)

Traps: Unique Anatomical Normal Variants
and Positions of Tubes

The chest radiograph accounts for a least 50% of all
pediatric imaging, and therefore you must be aware
of the normal variants. The thymus may domi-
nate the mediastinal silhouette (see below). Normal
skin folds are frequently seen in young infants
and must be differentiated from pneumothoraces
(the presence of pulmonary vessels extend into the
“black area” when there is a skin fold; there are
no markings when there is a pneumothorax (see
Chap. 4).

The central cleft of the two posterior neural arch-
es which have not fused is often noted (Fig.3.9).
These spinous processes of the spine usually fuse be-
tween the ages of 3 and 5 years.

Occasionally one will see calcific densities overly-
ing the right or left thorax on infant chest radi-
ographs. These are the sternal centers in a slightly
rotated film (Fig. 3.10).

It is important to note the position of the tubes,
clips, sutures, and monitoring devices. If the child
who is intubated is having unexplained respiratory
distress, two views (frontal and lateral) may help
define tube position (Fig. 3.11).

Fig. 3.9. Traps

Nonfusion of spinous process. On this supine film of a
6-month-old infant, the spinous processes (arrow) of the
thoracic vertebrae are not fused at multiple levels
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»”
Fig. 3.10. Sternal ossification centers

As you can tell by the ribs, this patient is quite rotated. There is a nasogastric tube in the esophagus. You should note multi-
ple rounded bony structures projecting over the heart in the right hemithorax (arrows). These are the sternal ossification
centers, which because of rotation are clearly visible

a

Fig. 3.11. This neonate has respiratory distress

a Frontal radiograph shows the endotracheal tube in the appropriate position (arrow). However, see the lateral film

b On this lateral radiograph, the endotracheal tube is in the esophagus (white arrow); the airway (black arrow) is anterior.
Whenever there is a question of unexplained respiratory distress, a lateral film may be helpful, particularly in an intubated
patient



Bones and Soft Tissues

Interpreting the Film:
The Radiologist’s Circle

Anyone can glance at a pediatric chest film, and with
very little training identify obvious abnormalities -
right? Wrong! It takes most radiologists years to get
into the habit of reading a chest radiograph properly.
Let’s face it: anyone ordering a chest film is going to
look at the heart and lungs, but radiologists look first
at the nonpulmonary areas, i.e., the abdomen, bones,
soft tissues, and airway, to be sure that they do not
miss any abnormality (see Appendix 1: “Rules for
Reading Pediatric X-Rays”). Only then does one
progress to the mediastinum, and observes the lungs
last.

A good habit to develop is to make an imaginary
circle on the film so as to dispense with all the non-
cardiopulmonary areas. Begin at the corners and/or
where the patient information is. Be sure when imag-
ing on PACS that all the patient information and
technical factors are displayed (there are options to
remove technical data). Check the name, date, and
especially the left or right marker. Nothing is more
embarrassing than missing dextrocardia with ab-
dominal situs inversus because one did not look for
the marker and therefore put the film up wrong. An
easy way to complete the circle is to go from the name
tag to the markers to the ABCS of the film: A=ab-
domen, B=bones, C=chest (airway, mediastinum,
lungs, and diaphragm), S=soft tissues.

Abdomen

» Rule No. 1: On every chest film, read the abdominal
portion as you would read an abdominal film.*

Evaluate the abdomen (regardless of how little of it
can be seen) on every chest film, and note whether
the stomach bubble is on the left and the liver on the
right. Look specifically for calcifications, such as gall-
stones or pancreatic stones. Is the bowel distended?
Are there air-fluid levels? Is this an erect film? Can
you see free intraperitoneal air or fluid? Now look at

* These rules were adopted from Joseph O. Reed, M.D., chief
of pediatric imaging at Children’s Hospital of Michigan
from 1957 through 1987. Throughout this text we include
these fundamental concepts, which were used daily in his
teaching sessions. (See Appendix 1)

Fig. 3.12 with these clues in mind; on every chest
film, look at the abdomen as if you were reading an
abdominal film.

Bones and Soft Tissues

One can often see portions of the arms, shoulders,
ribs, sternum, and mandible, as well as cervical, tho-
racic, and lumbar vertebrae. Be alert for fractures,
congenital abnormalities, bone destruction, or other
signs of disease. It is very embarrassing to miss ab-
sent clavicles on a chest film because the bones were
not viewed systematically. This is also a good time to
examine the soft tissues of the neck, thorax, and
abdomen to detect any swelling, foreign body, calcifi-
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