General need for 3D in the MDCT Era

William P. Dillon, M.D.

Elizabeth Guillaumin Professor of Radiology,

Neurology and Neurosurgery
Chief, Section of Neuroradiology

Richard S. Breiman, M.D.

Associate Clinical Professor of Radiology
Abdominal Imaging and Ultrasound Sections
Department of Radiology

Max Wintermark, M.D., Assistant Professor

of Radiology
Department of Radiology,
Neuroradiology Section

Fergus Coakley M.D., Chief,
Abdominal Imaging,

Introduction  Fergus Coakley, M.D.

he emergence of four-row multidetector CT

(MDCT) in 1998 was a major technological

breakthrough that dramatically changed the
practice of CT. The temporal resolution of MDCT
is now comparable to MRI, the spatial resolution re-
mains superior to MRI, and the extent of coverage
exceeds MRI. MDCT may appear to be simply an
incremental improvement in spiral CT technology.
This view of MDCT is incomplete, since the unprec-
edented capability to rapidly acquire numerous thin
sections in multiple phases of enhancement provides
great challenges for image handling and storage, as
well as great opportunities for three-dimensional
post-processing and display. Multiphase imaging can
now be performed routinely and with near isotropic
resolution (isotropic resolution refers to equal reso-
lution in the X, y, and z axes, so that the voxels are
cubic in shape), allowing generation of exquisitely
detailed three-dimensional volumetric reconstruc-
tions. Three-dimensional data sets, narrow collima-
tion, and multiphasic imaging provide improved le-
sion detection, multiplanar capability, and the ability
to perform high-quality CT angiography.
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With this evolving technology comes significant
new challenges, particularly with respect to manag-
ing the vast quantity of image data that is generated.
These remain as unsolved problems that will require
the development of innovative image processing
and viewing strategies. The traditional paradigm of
reviewing tomographic slices may well be replaced
by a primarily volumetric approach. It is possible
that MDCT will become the key factor in promoting
wide dissemination of PACS technology and three-
dimensional softcopy image interpretation. The ra-
pidity with which body cavities can be imaged with
MDCT also requires new thinking with respect to the
rate of intravenous contrast administration, contrast
injection duration, contrast bolus volume, and scan
delays. With scanning times as short as 10 seconds,
smaller contrast volumes injected at a faster rate may
be more appropriate. While narrow collimation may
seem intuitively advantageous, it increases image
noise and may reduce the geometric efficiency of
the detectors. Finally, the radiation dose is increased
with MDCT (although some factors can be adjusted
to limit this dose increase), which is compounded by
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multiphasic imaging. Careful attention must be paid
to technical parameters during scanning, with tailor-
ing of the dose and imaging protocol to the clinical
question. Use of commercially available dose-modi-
fying software may help.

Case 1: CT- angiography in a Patient with
an External Carotid-internal Carotid (EC-IC)
Artery Bypass

Max Wintermark, M.D., William P. Dillon, M.D.

History:

The patient is a male aged 54 with an occluded left
internal carotid artery immediately superior to the
carotid bifurcation. He was presented with critically
low brain perfusion in the corresponding left hemi-
sphere. He underwent an external carotid-internal
carotid (EC-IC) artery bypass. CT-angiography of
the cervical and intracranial vessels was requested to
evaluate bypass patency.

Protocol Description:

Scan Information

Type of Scanner

Lightspeed 16

Scan Region

Head and Neck

Scan Length 40 cm
Scan Direction Caudocranial
Detector Configuration 16 x 1.25
Pitch 1.375:1
Tube Voltage 120 kVp
Tube Current 240 mA
Rotation Time 0.5 sec
Total Acquisition Time 8 sec
Field of View 22 cm
. . Reconstruction Algorithm Standard

Reconstruction Information : -
Slice Thickness 1.25
Reconstruction Interval 1
Total Number of Images 400

Contrast Information Contrast , Omnipaque
Concentration 300 mg/mL
Volume 70 mL
Injection Rate 4 mL/sec
Timing Method Bolus Test
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Results:

3D post-processing using the Aquarius Workstation
(from TeraRecon, Inc.) permits a virtual dissection of
the patient, starting from the skin (A), going through
the soft tissues and muscles (B and C), down to the
skull (D). The craniotomy site (black arrow) is very
well visualized, as are the metallic clips (stars) used
to close it.

The 3D reconstructions demonstrate the left super-
ficial temporal artery as it enters the craniotomy site
(arrowheads) and connects to the branches of the left
middle cerebral artery (white arrows), confirming
the patency of the bypass.
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Discussion:

Using the Aquarius Workstation, 3D reconstructions
from CT-angiography demonstrate the patency of the
EC-IC bypass, obviating the need to perform a con-
ventional angiogram. Timing of the CT-angiography
acquisition with the contrast bolus arrival is critical
in order to obtain optimal 3D reconstructions. Bo-
lus timing for CTA is obtained either using tracking
bolus software or a test bolus method. We prefer the
test bolus method, as the venous enhancement is
minimized so that the precise delineation of adjacent
arterial structures is enhanced.
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Case 2: CT-angiography in a Patient with
Subarachnoid Hemorrhage
Max Wintermark, M.D., William P. Dillon, M.D.

History:

The patient, a female aged 66, was admitted for thun-
derclap headaches. A non-contrast CT demonstrated
a subarachnoid hemorrhage. Immediately after the
CT, the patient underwent a CT-angiogram of her in-

tracranial arteries.

Protocol Description:

Scan Information Type of S(?anner Lightspeed 16
Scan Region Skull
Scan Length 15 cm
Scan Direction Caudocranial
Detector Configuration 16 x 0.625
Pitch 1.375:1
Tube Voltage 120 kVp
Tube Current 280 mA
Rotation Time 0.5 sec
Total Acquisition Time 6 sec
Field of View 18 cm

. . Reconstruction Algorithm Standard

Reconstruction Information - -
Slice Thickness 0.625
Reconstruction Interval 0.5
Total Number of Images 300

Contrast Information Contrast - Omnipaque
Concentration 300 mg/mL
Volume 70 mL
Injection Rate 4 mL/sec
Timing Method Bolus Test

Results:

The 3D reformations obtained from the CT-angi-
ogram data display four aneurysms: 1) at the level of
the anterior communicating artery, 2) and 3) (arrow)
at the right middle cerebral artery (MCA) bifurca-
tion, 4) at the left MCA bifurcation. The largest an-
eurysm at the right MCA bifurcation shows a “tit”
(arrowhead), signaling that this aneurysm was prob-
ably the one responsible for the subarachnoid hem-
orrhage (already suspected due to the distribution of
the subarachnoid blood). The reformations also pre-
cisely demonstrate that no arterial branch arises from
the aneurismal sac and display the orientation of the
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aneurysm and its location with respect to the parent
vessel and the bone. The patient did not undergo a
conventional angiogram; she went directly to the op-
erating room for clipping of the ruptured right MCA
aneurysm.

Discussion:

CT-angiography is fast becoming a standard method
for evaluation of a patient with subarachnoid hem-
orrhage. Using the Aquarius Workstation 3D post
processing algorithms, aneurysms can be detected
with a high degree of sensitivity and specificity.

3D reconstructions provide the neurosurgeon with
unique spatial information regarding the configu-
ration of the aneurysm and its relationship to the
adjacent vessels and bony elements. This technique
helps in treatment planning as well as training neu-
rosurgeons about the expected surgical anatomy.

Some have advocated CT-angiography as the sole
imaging examination required before aneurysm
therapy.
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Case 3: CT of the Cervical Spine in a Severe

Trauma Patient

Max Wintermark, M.D., William P. Dillon, M.D.

History:

The patient is a male aged 31, involved in a severe
motor vehicle accident. He was admitted with neck
pain. He initially underwent plain films of the cervi-
cal spine, which were of poor quality because of his
sling and motion artifact. He was transported to the
CT room, where he underwent a CT of the brain, a
CT of the neck, and a CT-aortogram of the chest,

abdomen and pelvis.

Protocol Description:

Scan Information

Type of Scanner

Lightspeed 16

Scan Region Neck
Scan Length 25 cm
Scan Direction Craniocaudal
Detector Configuration 16 x 0.625
Pitch 1.375:1
Tube Voltage 120 kVp
Tube Current 240 mA
Rotation Time 0.5 sec
Total Acquisition Time 12 sec
Field of View 18 cm

. . Reconstruction Algorithm Bone

Reconstruction Information - -

Slice Thickness 1.25
Reconstruction Interval 1
Total Number of Images 250

Contrast Information

Contrast

No contrast

Concentration

Volume

Injection Rate

Timing Method
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Results:

The 2D coronal and sagittal reformations and the 3D
reformats obtained from the CT of the cervical spine
demonstrate accurate an unstable type Il fracture of
the odontoid process of C2. The fractured dens is
slightly tilted in the posterior, but does not compro-
mise the cervical vertebral canal. The 3D reforma-
tions using Aquarius Workstation were particularly
useful for surgical planning.

Discussion:

Given the potentially devastating consequences in
an individual in whom a spine fracture is missed,
and the potential medical legal consequences for the
involved physicians, all trauma patients should be
cleared for their cervical spine within minutes after
the patient’s admission into the emergency room.
From this standpoint, routine CT of the cervical spine
has proven cost-effective in the management of acute
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trauma patients with suspected cervical spine injury.
3D reconstructions, as demonstrated in the example
above, are essential for the accurate depiction and
proper treatment of cervical spine fractures.
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Case 4: Abdominal CT-arteriogram in a
Patient with Renal Artery Stenosis
Fergus Coakley, M.D.

History:

The patient is a male, aged 9. He had been diagnosed
with hypertension 8 years after chemotherapy and re-
section for neuroblastoma. Surgery was complicated
by inadvertent transection of the right renal artery
requiring reimplantation, and by postoperative left
renal artery thrombosis leading to complete atrophy
of the left kidney.

Protocol Description:

Scan Information Type of S(?anner Lightspeed 16
Scan Region Abdomen
Scan Length 60 cm
Scan Direction Craniocaudal
Detector Configuration 16 x 1.25
Pitch 1.375:1
Tube Voltage 120 kVp
Tube Current 400 mA
Rotation Time 0.8 sec
Total Acquisition Time 15 sec
Field of View 38 cm

R . . Reconstruction Algorithm standard

econstruction Information - -

Slice Thickness 1.25
Reconstruction Interval 1.00
Total Number of Images 600

Contrast Information Contrast - Omnipaque
Concentration 300 mg/mL
Volume 150 mL
Injection Rate 4 mL/sec
Timing Method 20 sec delay

Results:

The axial images show a subtle narrowing at the ori-
gin of the right renal artery (arrows).

The left kidney is not visible. The 3D images show
the marked right renal artery stenosis to much better
effect, with a marked narrowing (arrows) evident just
downstream to the right renal artery ostium.

General need for 3D in the MDCT Era 33



Discussion:

This case illustrates how 3D images can help dis-
play clinically important information in a way that
is more easily appreciated. While the pathology is
evident on the axial images, the arteriographic qual-
ity of the reformations allows rapid identification of
the vascular abnormality. CT angiography is a robust
noninvasive examination for the diagnosis of renal
artery stenosis, with an accuracy of over 90% and a
specificity of nearly 100% in the diagnosis of severe
(over 50%) stenosis. Normal results from CT angi-
ography virtually rule out renal artery stenosis.
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Case 5: Abdominal CT-arteriogram in a
Patient with Pancreatic Cancer
Fergus Coakley, M.D.

History:
The patient is a male, aged 62, with locally advanced
and metastatic pancreatic cancer.

Protocol Description:

Scan Information Type of Scanner

Lightspeed 16

Scan Region Abdomen
Scan Length 60 cm
Scan Direction Craniocaudal
Detector Configuration 16 x 1.25
Pitch 1.375:1
Tube Voltage 120 kVp
Tube Current 400 mA
Rotation Time 0.8 sec
Total Acquisition Time 15 sec
Field of View 38 cm
. . Reconstruction Algorithm standard

Reconstruction Information - -
Slice Thickness 1.25
Reconstruction Interval 1.00
Total Number of Images 600

Contrast Information Contrast - Omnipaque
Concentration 300 mg/mL
Volume 150 mL
Injection Rate 4 mL/sec
Timing Method 20 sec delay

Results:

The axial images demonstrate a hypodense mass en-
casing the splenic artery just downstream from its
origin off the celiac artery. The artery is critically

stenosed (arrows) but remains patent.

The stenosed portion of the splenic artery (arrow) is
barely visible on the 3D image, and could be mis-

taken for a complete occlusion.
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Discussion:

While 3D imaging is of great value in presenting
complex volumetric data in a way that highlights the
structures of interest (such as vessels) and is of prov-
en utility in the evaluation of vascular involvement in
pancreatic cancer, care must be taken in interpreting
these reformatting images. Potential artifacts include
making critical stenoses appear like complete occlu-
sions. It is important to correlate 3D findings with
the corresponding 2D images in order to avoid such
pitfalls.
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Case 6: Anomalous Drainage of the Right
Posterior Segmental Bile Duct into the Left
Hepatic Bile Duct in a Potential Partial Liver

Donor

Richard S. Breiman, M.D.

History:

The patient is a female, aged 37, and is a potential

partial liver donor.

Protocol Description:

Scan Information

Type of Scanner

Lightspeed 16

Scan Region Liver
Scan Length 20 cm
Scan Direction Craniocaudal
Detector Configuration 16 x 1.25
Pitch 1.375:1
Tube Voltage 120 kVp
Tube Current 400 mA
Rotation Time 0.8 sec
Total Acquisition Time 15 sec
Field of View 38 cm
Reconstruction Information Reconstruction Algorithm standard
Slice Thickness 1.25
Reconstruction Interval 1.00
Total Number of Images 600
Contrast Information Contrast Cholografin
meglumine
Concentration 10.3%
Volume 100 mL
Injection Rate 30 min infusion
Timing Method 15 min delay

Results:

General need for 3D in the MDCT Era

Axial scans demonstrate normal caliber intra and ex-
tra-hepatic bile ducts. Anomalous drainage of right
ducts is not appreciated in this projection.

Maximum intensity projection (MIP) images and
volume rendered (VR) images demonstrate anoma-
lous drainage of the right posterior segment hepatic
bile duct to the left hepatic bile duct.



Discussion:

As part of the pre-operative evaluation of a potential
partial liver donor, the course and patency of hepatic
arteries, hepatic veins, portal veins and bile ducts
are assessed. An unsuspected anomalous course of
these structures may lead to post-operative compli-
cations in both the donor and the recipient of a partial
liver transplant. A potential partial liver donor with
anomalous drainage of a branch of the right hepatic
bile duct to the left hepatic bile duct is considered a
higher risk donor than a potential donor with conven-
tional biliary drainage. Although a donor candidate
with anomalous biliary drainage may be selected
for donation in some centers, the transplant surgeon
needs to be prepared to create an anastomosis of the
small caliber right ductal branch to the common bile
duct of the recipient. Such an anastomosis prolongs
surgery and is associated with an increased incidence
of post-transplant cholangitis. MRCP has on occa-
sion lacked the necessary spatial resolution to detect
anomalous drainage of the normal caliber bile ducts
of potential partial liver donors. CT cholangiography,
utilizing thin slice MDCT of bile ducts opacified by
contrast excreted by the liver into the biliary system,
is better able to assess small caliber bile ducts than
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MRCP. Multiplanar and 3D image processing en-
hances appreciation of the subtle anomalous course
of bile ducts.

In this case, the posterior segmental right hepatic
bile duct terminates in the left hepatic duct near its
junction with the right hepatic duct. Due to the close
proximity of these ducts, the anomaly was not recog-
nized on the source axial CT scans and was only ap-
preciated on the maximum intensity projection and
volume rendered images.
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