
’
 
�� /¥ �Ý4È�E�£ �Ö�ü C

¢ �� 0¹ 	� L6,X�� �^ �h *ü 
 

����� ��� ���
	���
���� � � �������������

 
��� � ����� ��������	����  �� ��!���"���#�� ����$ %������ ���

��� � ����� ��������	�
�&('*)��,+-��.���� ��� ��� �

/�"�"�� "�� ������'�� ��� ��"�"���������0��� �� ��� �����
���� *	����  �� ��� �����

1�2��*	�2�� �  �� ���

’
"3
���"�4�� � ��������'�2�� � �� ���� 4�2�� �

5���� !���� "�� � �
����'������-"��6� !������ �*7��62��������������� �� ��� ���

)�8���297���� ���������� *	�� !�� �
	����-� ����:���#�� ��!����  

'�2�� � �� ���� 4�2�� ����'�/<;�=�;�>�8

?�%���� � @ 2���� � � ��������A3��2���4�� �� �#

 
 

 

Volumetric imaging, with advanced two (2D) and 

three (3D) dimensional workstation post-processing 
tools, is essential for pediatric computed 
tomography (CT), magnetic resonance imaging 
(MRI), and positron emission tomography-CT 
(PET-CT). In comparison to axial image display and 
review, volumetric imaging simplifies anatomical 
understanding of pediatric structural morphology 
and pathology.  Interpretation accuracy is improved, 
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’s Hospital of Philadelphia, 
workstations are an integral part our practice. Ad-
vanced visualization techniques are routinely 
applied for cardiovascular, thoracic, neurologic, 
abdominal, and musculoskeletal imaging (Table 1). 
Our model has two components. The first is 
physician-generated real-time image 
post-processing for interpretation. The second is 
technologist-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 (MinIP), multiplanar reformations (MPR), 
and curved planar reformations (CPR). The operator 
swiftly navigates between the techniques utilizing 
rotate, pan, zoom, and slice options. This process is 
made more efficient when the display options can be 
controlled directly through the mouse. The 
interpreting physician can also 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 alternative 
approach is a dedicated pediatric 3D laboratory in 
which technologists process images, obtain standard 
measurements, and perform advanced functional 
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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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 detail is 
required. For all clinical applications, post proce-  
ssed image quality is dependent on acquiring the 
exams with high or isotropic resolution techniques.  
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Given the large datasets with potentially 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, peripheral medium 
and small size arteries, or central, peripheral, 
mesenteric, and visceral 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 views using VRT, MIP, and CPR. 
Specific measurements are generated based upon the 
cardiovascular territory. For cardiac exams, this 
includes quantifying ventricular volumes, mass, and 
ejection 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 disorder), 

quantification is also completed by technologists. 
For perfusion studies, enhancement profiles can be 
generated (i.e. Time Density Analysis [TDA] on 
TeraRecon systems).   

5×<%�� �r �û ,X�D�B	ž %0�ü ,X�á �� ?· �* �È�� �ý �û 
`
9‹ �k �û �� /¥ �—>� 1u+’ +™,X�—>� 1uCT�ÄCTA�Å�Ã
MR(MRA)
` PET-CT�ÄPET-CTA�Å>� 1uEô�E�q C*
�b P¬4{ �� �£ �T �� �Ä�á 1u-è0J�� A˜�� �—6ã4§�X�Ö��
�Ä�Ò1�Å�È�t (Š�| 6Ý
` M-6Ý�È6Ž�| 6Ý
` M-6Ý�Ä�Ò2�Å�È
6Ì �Ã7M�� �| 6Ý�È�ê 
< �� �Ã�ã >� 1u�ê �� �� �È�ê 
< �È
6t 2Ï 7p
` �Y6ã>� 1u�Ä�Ò3�Å�È�' �Ý4È4§�X4‰?œ�T
�� �ÄVRT�ÈMIP�Å�â �` 4È�T �� �ÄMPR�ÈCPR�Å4§
	Ü�h *ü�Ê�ÈAž�• �Ô�� �Ý�� �Ä�h *ü�r �Ê�� �£ �È�¡ �0
5ÙEÝ�½LÔ?U
¾/¡ �T �� �` �ä Až�• �Ä�T �� 
, ,X�L 
_ /ß
�c �Ù�À�h *üVRT�ÈMIP
` CPR,X(M�n �Ò�£ ?–�È
Î
�b �—>� 1uNZ
³ *ó�ä ,X(M�n #� G£�Ä�Í �b �—6ã�” �¹ �È
E­ �Ù �À �n G£>� 1u�• /Ã �È BüG£�È �Ø>� �Ú �D �Ä �V
TeraRecon2Ï 4³ ,X�ÊKÈ�• G£�Ú�d �ÄTVA�Å�Å�Ä �V
�p E¯> �Z �t 6ÝJm�ê /Ã�ÚCT�Ä�V�Í �b �ÝF+�ô �û 6š�Î
G[�· Aö�Ö�� ,X+™�Ž �Å�È�T �� 
, �3 ?U�` �ä !8 �n G£�Ú
�d �Ä �Í �b & "¼+™�_ �È 	Ã *ó �ä �r �� EB�§ �Ò�Ä �V
TeraRecon2Ï 4³,X�ÊKÈ�š �z �Ú�d �ÄTDA�Å�Å�Ä 

Y[Z \^]`_9acbed�fcg`h`g`i \^j`k amlonqp`a`r$kmsutvfxw[j`rzy{a`_9| h`_9}ua`luZ guj~b •^i €[a`jm_9i9h`• l‚w[pmh:y^_9a{ƒvZ hm]`rq• €�]`g`l`am_Jw[a`gmk`}uZ k _9j`•�ƒvj`•„ƒvao_„a�y^• jmn$a`}ua`gmk …

†`h`• ]`}uao_9amg`l`a`_9amlo‡�f�ˆ~‰ f�Šm• a`| kJy^j`g`am• ‹Œj`gmloZ g{ƒva`_9k a`l`i9•uŽ^•�k p`_9amaon$pmj`}u•`a`_[‰9‘^Š`_9Z \^p`kJy^j`gma`• ‹[y^_„he’“a`n$k Z h`g`r�k p`_9hm]�\^pok p`aup`a`j`_9k

l`a`}uh`g`r$k _„j`k ao}uZ k _„j`•�ƒvj`•„ƒv]`• j`_[l`amp`Z rqn$a`gmn$aojmk`k pmaoj`g`k a`_9Z h`_�• amj`| • a`k”w[Z k pol`a{ƒvam• h�y^}ua`g`kmh`|`jŒy^rqa`]`lmhmj`g`a`]`_ €[r$}•‰9j`_9_„h^w[rv‹J…

�Ò1�Ö�� �! �. E›�` �ê *· �Ó�6 �� ,X12�U�w5Ù�ÈE¯> �ZM2K¼�{ 6Ì F¼CTA�ÄEîE›�—6ã,XLAO�• /ÃG¡�Î �ÄA�º �Ò�Å

` 	¡ E@MPR�Ý7(?–�ÄB�È	Ç�Ò�Å�� /� �` �ê *· �ü �! 	Ê>–�Ô�È�� �û �| 6Ý+ø�6 �ä �Ä1•�� �Å 



 
Y[Z \^]`_9a-•^d“f�g–a`Z \^p`k i €[a`j`_9i9hm• l—w[Z k p˜j4y{a`_9r$Z r$k amg`kW_9Z \^p`kW}uZ l–• ]`gJ\˜™�hmg`a˜h�y{j`n$Z k €š]`g`l`am_Jw[a`g`k›p`Z \{p˜_9a`rqh`• ]`k Z h`g˜sut”y^]`• }uh`gmj`_ €šj`g�\{Z h�\^_„jJy^p�€

w[Z k pcbe… œu}u}•k p`Z n$žŸrqa`n$k Z h`gmr$…{†`•˜t�Z }uj�\^amr�‰ f�ŠW‘`‹-r$p`h^w j˜• j`_ \^a4y{]`• }uh`g`j`_ €�j`_9k a`_9Z h{ƒvamg`h`]mr�}uj`• | h`_„}uj`k Z h`gu‰„j`_9_9h^w[rv‹–w[Z k p˜a`gm]`}ua`_9jm•`• a

n$h`g`gma`n$k Z h`gmr�•ma`k
w[a`a`gur$aJ\^}ua`g`k j`•$j`gmlorq]`•`rqa�\^}ua`g`k j`•$j`_„k a`_9Z a`r�j`g`l¡ƒva`Z gmr�jmg`lur$a`nqh`g`lmj`_ €�a`g`• j`_ \^a`}ua`g`k`h`|mk p`aun$amg`k _9j`•q_9Z \{p`k

y^]`• }uh`g`j`_ €�j`_„k a`_9Z amr�jmg`l¡ƒva`Z g`r$…

 

8�U�È�w�Ý�Õ4Á�û 	Ç�� 6Ž	� �r 	¬ �ÈE¯> �ZP¬�ÚE|)[ CT6Ž>� 1uEô�E�È�� 	n �� 1.5mm�ÄVRT�Ò�£ �ÄA�ÈB�Å��
/� �Ô�þ �û ,X6Ž�| M-6Ý+L�6 �Ä1•�� �Å�È!‰	ž  õ 4{ !‰�| M-6ÝKÈ�ÝAŒ�î E²�y �È�� �� 	Ç6Ž�| M-6Ý4»	¥ �r �û �Ä 

 
 

Y[Z \^]`_9au¢`d�f£beœ`i €�a`j`_9i9hm• l‚w[Z k poamg`lor$k j�\^ao_„a`g`jm•$l`Z r$amj`r$a

_9a`n$a`gmk • €�]`g`lma`_Jw[a`g`km_9Z \^pmk`•`_9jmn$pmZ j`•$j`_„k a`_ €�k hun$a�y{p`j`• Z n�ƒva`Z g

j`_9k a`_9Z h{ƒvamg`h`]mr�| Z r$k ]m• jun$_9a`j`k Z h`g`…“f�k�be¤‚w[a`amž$r^y^hmr$k i9n$_„a`j`k Z h`g`Š

k p`ao| Z r$k ]m• j‚w[jmr�gmh`k^w[a`• •$}uj`k ]`_9amloj`g`lup`Z \{p:y^_9amr$rq]`_9amr

h`n$nq]`_9_9a`l‚w�Z k poamj`nqpo]mr$a`…^†`•ut�| _9h`}•jo_9Z \^pmk`]�ymy^a`_[aJ¥[k _9a`}uZ k €

sutvf~_9a^ƒvamj`• aml:y^pJ€[rqZ h`• h�\^Z n�k _9jmgmr$Z k Z h`gojmk`k p`auj`_9k a`_„Z h{ƒva`g`hm]`r

j`g`j`rqk h`}uh`rqZ r�w[Z k popmZ \^pŒ\^_9j`lmao| h`n$j`•q}uZ lonqa�y^pmj`• Z n�ƒ
a`Z g

r$k a`gmh`r$Z r�‰9j`_9_„h^w$‹J…^t$pmao_9a`}uj`Z g`lma`_[h`|`k p`a‚ƒ
a`g`hm]`r�h`]`k | • h^w�jmr

w[a`• •$jmr�k pmaonqa`g`k _9jm•[ƒ
a`Z gmr�w[a`_9a4y^j`k a`g`k …

 
�Ò3�Ö15�U6’ +™�. �ó �È�ÔE¥�. �Z 	Ç6…�| 6Ý�� �� 7–
M-6Ý,X�| M-6Ý+ì1u�Ä�� 	â 14
< +ì 1u�á �þ Eî�È!£  õ
�h *üFÑ�Î )„ P¬	_ �Ä	Ç�Þ6vCTA,XVRT�Á/� �| M-6Ý
E²�y ,X*ó)Ú�û E›#õ�È0U�Î �� /� �� 7–M-6Ý�� F¼(Á0X
�Ä1•�� �Å�Ä�- �ßM-6ÝEg�Î 	ž �� �� M-6ÝEî+� �Ä



MPR is the 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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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 nodule detec-
tion, thin-slab MIPs can be generated in axial, coro-
nal, or sagittal projections. Measurements generated 
by technologists include lung volumes and orthog-
onal dimensions of masses and congenital lung le-

sions. 
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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-slab 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 (IVP) 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, renal 
clearance can be quantified. Applications include 
congenital renal 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 
renal clearance, measurements generated by 

technologists include volumes and orthogonal 
dimensions of the kidneys, bladder, and if present, 
masses.  
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Plain film radiography is the first line for musculo-



skeletal imaging. For many congenital and acquired 
pediatric musculoskeletal disorders, MRI is often 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 congenital 

abnormalities and orthogonal dimensions of masses.   
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Advanced image post-processing is central to pedi-
atric volumetric imaging. Currently available work-
stations offer the necessary visualization techniques, 
measurement and analysis tools, 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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