Pediatric 3D Imaging: Clinical Applications
at The Children’s Hospital of Philadelphia
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Background® £

V olumetric imaging, with advanced two (2D) and

three (3D) dimensional workstation post-processing
tools, is essentid for pediatric computed
tomography (CT), magnetic resonance imaging
(MRI), and positron emission tomography-CT
(PET-CT). In comparison to axia image display and
review, volumetric imaging simplifies anatomical
understanding of pediatric structural morphology
and pathology. Interpretation accuracy isimproved,
workflow efficiency is increased, and communica-
tion of findings is enhanced. In addition, the volu-
metric displays can facilitate family counseling and
treatment planning.
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Currently available workstations, including Ter-
aRecon’ s Aquarius Workstation and AquariusNet

Thin-Client system (TeraRecon, Inc., San Mateo,
CA), offer the means to incorporate advanced visu-
alization techniques into a daily pediatric radiologic
practice. At The Children’sHospital of Philadelphia,
workstations are an integral part our practice. Ad-
vanced visudization techniques are routinely
applied for cardiovascular, thoracic, neurologic,
abdominal, and musculoskeletal imaging (Table 1).
Our model has two components. The first is
physician-generated rea-time image
post-processing for interpretation. The second is
technol ogist-generated static image post-processing
and analysis. Static images and data generated by
technologists are transferred to a Picture Archive
and Communication System (PACS) for physician
interpretation along with the source images. The
images and data generated by the technologist are
also used to communicate findings to referring
physicians and patients.
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Real-time interpretation occurs on a thin-client or a
stand-alone workstation, using a combination of
volume rendering technique (VRT), maximum in-
tensity projections (MIP), minimum intensity pro-
jections (MinlP), multiplanar reformations (MPR),
and curved planar reformations (CPR). The operator
swiftly navigates between the techniques utilizing
rotate, pan, zoom, and slice options. This processis
made more efficient when the display options can be
controlled directly through the mouse. The
interpreting physician can aso generate and save
static images and measurements, which can be
incorporated into reports, transferred to PACS, or
both.
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Technologist image post-processing with the similar
techniques can occur at the CT, MRI, or PET-CT
scanner. However, depending on the type and
complexity of image post-processing, the volume of
studies, and the number of technologists, this
approach can potentially decrease patient through-
put and workflow efficiency. An aternative
approach is a dedicated pediatric 3D laboratory in
which technol ogists process images, obtain standard
measurements, and perform advanced functiona
analysis on stand-alone workstations, according to
established protocols. At The Children’s Hospital of
Philadelphia, the majority of the technologist-
generated work is performed in the CHOP 3D
Laboratory.
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Clinical Applications If§ B8z
The advanced visualization techniques each have
inherent advantages and disadvantages for display-
ing anatomy and interpreting pathology (Table 2).
Rendering and viewing datasets in each technique is
not necessarily required. Rather, techniques are se-
lected based upon their strengths for viewing

specific anatomy and pathology, in the context of the
display and interpretative goals. The key factor to
decide when selecting techniques is whether 3D
structural overview or anatomical 2D detal is
required. For al clinical applications, post proce-
ssed image quality is dependent on acquiring the
exams with high or isotropic resol ution techniques.
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Cardiovasculartr &

Given the large datasets with potentialy complex
anatomy, cardiovascular CT (CTA), MR (MRA),
and PET-CT (PET-CTA) angiography for
congenital and acquired pediatric cardiovascular
disease is dependent on advanced visualization
imaging. Whether the study is to evaluate cardiac
structural morphology (Figure 1), coronary arteries
and veins, pulmonary arteries and veins (Figure 2),
thoracic and abdominal aorta, periphera medium
and small size arteries, or central, peripheral,
mesenteric, and viscera veins (Figure 3),
interrogation is most efficient when a 3D structural
overview technique (VRT, MIP) is used in
conjunction with a 2D technique (MPR, CPR). With
real time interpretation, the operator chooses which
of these techniques are required to reach an
interpretation. Typical protocols for technologists
consist of specific viewsusing VRT, MIP, and CPR.
Specific measurements are generated based upon the
cardiovascular territory. For cardiac exams, this
includes quantifying ventricular volumes, mass, and
gection fraction (i.e. Time Volume Analysis[TVA]
on TeraRecon systems). If a coronary calcium
scoring CT is performed (i.e. for a patient with an
inherited  cholesterol metabolic
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disorder), _

guantification is aso completed by technologists.
For perfusion studies, enhancement profiles can be
generated (i.e. Time Density Analysis [TDA] on
TeraRecon systems).
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Neurologicf#£

MPR isthe most commonly used technique to depict
brain and head and neck anatomy and pathology.
However, VRT and CPR offer unique displays for
evaluating congenital malformations, intra and
extracranial masses (benign and malignant), cranio-
facial abnormalities, temporal bones, and the supra
and infrahyoid neck (Figure 4). Dental CT exams
are processed using a combination of MPR, VRT,
and CPR. Quantified data provided by technologists
include measuring craniofacial and temporal bone
dimensions and angles and measuring volumes and

orthogonal dimensions of masses.
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ThoraciciZs

Advanced imaging techniques can be applied with
thoracic CT datasets for evaluating airway obstruc-
tion, congenital lung lesions (Figure 5), and airway,
pulmonary and mediastinal masses. Interpretation
principally relies upon MPRs. However, VRT can
provide robust displays of the lung and airway, in-
cluding endobronchial views. CPR and MinIP are
also useful for displaying airways (Figures 5, 6). To
increase the sensitivity for pulmonary nodul e detec-
tion, thin-slab MIPs can be generated in axial, coro-
nal, or sagittal projections. M easurements generated
by technologists include lung volumes and orthog-
onal dimensions of masses and congenital lung le-

sions.

P4 OEL£T A*bGIFMCTDB9A™ 1&8F (A
OXA y 062+™ A O5A z16F A6Z" 4%h6"
+ AAZe T b1 bMPRA' 5aEVRT6N= 0 \
Q. X6Z721@F E£EUA l18luY?-ACPR"
MinlP / 1eF 3 Y*XUAO5E6AA r t 628V
8V" # X# 6 0 E*XUEHSM6A t (SM&é -1 (SM6
E*6&a:X MIPAT , {*6,X# GEUA6Z+ /A
6 + 2 y 0 6Z+™M- X 17 x X A

06Mp UP " GJEE> BIFWCTAL A” 18F _4yAEIE>l@1u- '@1lu XCPRAAE® { A p « MPR
ABEC{ A / z Gjz!'@1uAOXA-Ale AE4»¥b 7-|6Y¢! Fyg AKSe A ACPREIE:l®
1uX —7(EE 9C6ZRE I!21uA

Gastrointestinal and Abdominal Viscera

With CT and MRI datasets, gastrointestinal, hepato-
biliary, pancreas, and splenic pathology can be dis-
played and interpreted using a combination of MPR,
CPR, thin-glab VRT, and thin-slab MIP techniques
(Figure 7). Applications include congenital abnor-
malities, intestinal obstruction, masses, trauma, and
inflammatory  bowel disease.  Measurements
generated by technologists include volumes and
orthogonal dimensions of viscera and masses.
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MR urography (MRU) and CT intravenous
pyelography (1VP) are accepted alternative means to
conventional radiographic IVPs. VRT and thin-slab
MIP are applied for both acquisitions to display the
kidneys, upper and lower collecting system, and the
bladder (Figure 8). With a delayed phase, rend
clearance can be quantified. Applications include
congenital rena and ureteral abnormalities, masses,
cystic disease, and trauma. Uterine anomalies can be
displayed using a combination of MPR, CPR,
thin-slab VRT, and thin-slab MIP. In addition to
rena clearance, measurements generated by
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technologists include volumes and orthogonal
dimensions of the kidneys, bladder, and if present,
Masses.
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Musculoskeletal B8 LB

Plain film radiography is the first line for musculo-



skeletal imaging. For many congenital and acquired
pediatric musculoskeletal disorders, MRI isoften the
next modality. CT, however, has wide clinical
application, including congenital abnormalities,
scoliosis, pectus excavatum, hip abnormalities,
trauma, and soft tissue and osseous masses. With
both MRI and CT datasets, MPR is most commonly
applied (Figure 9). With CT datasets, CPR is useful
to display angled osseous structures; thick-MPR is
useful to provide radiographic-like views, and VRT
is useful to provide unparalleled structural 3D
displays. Measurements generated by technologists
include angles and lengths of congenita

abnormalities and orthogonal dimensions of masses.
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Summary iS4

Advanced image post-processing is central to pedi-
atric volumetric imaging. Currently available work-
stations offer the necessary visualization techniques,
measurement and analysistools, and reporting algo-
rithms which can be applied for more effective and
accurate display, interpretation, and communication
of congenital and acquired pediatric pathology.
Ultimately, workstations, such as TeraRecon's
Aquarius Workstation and AquariusNet Thin-Client
system, result in greater clinical physician and
family understanding of a child's disease process
and more effective treatment planning.
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