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fining complex vas-
cular anatomy.
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The introduction and widespread availability of 16-section multi–de-
tector row computed tomographic (CT) technology and, more re-
cently, 64-section scanners, has greatly advanced the role of CT an-
giography in clinical practice. CT angiography has become a key com-
ponent of state-of-the-art imaging, with applications ranging from
oncology (eg, staging of pancreatic or renal cancer) to classic vascular
imaging (eg, evaluation of aortic aneurysms and renal artery stenoses)
as well as newer techniques such as coronary artery imaging and pe-
ripheral runoff studies. With an average of 400–1000 images in each
volume data set, three-dimensional postprocessing is crucial to volume
visualization. Radiologists now have workstations that provide capabili-
ties for evaluation of these data sets by using a range of software pro-
grams and processing tools. Although different systems have unique
capabilities and functionality, all provide the options of volume render-
ing and maximum intensity projection for image display and analysis.
These two postprocessing techniques have different advantages and
disadvantages when used in clinical practice, and it is important that
radiologists understand when and how each technique should be used.
©RSNA, 2006
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Introduction
Until recently, computed tomographic (CT) an-
giography was a special examination, performed
for limited clinical indications at select institu-
tions. However, the introduction and widespread
availability of 16-section multi–detector row CT
technology and, more recently, 64-section scan-
ners, has greatly advanced the role of CT an-
giography in clinical practice. While progressive
advances in multisection CT technology have
dramatically enhanced the quality of three-dimen-
sional (3D) renderings, the implementation of
64-section technology has resulted in a further
improvement as well as an expansion of clinical
applications. Sixty-four-section CT has higher
temporal and spatial resolution than does 16-
section CT, and scanning is three to four times
faster. The increased speed facilitates the cou-
pling of image acquisition with peak vascular en-
hancement and yields data sets without motion-
related artifacts. In addition, cardiac gating is fa-
cilitated by 64-section CT technology.

CT angiography has been incorporated into
mainstream radiology practice and is performed
daily for a wide range of clinical indications. The
success of CT angiography depends on a number
of critical steps, including properly timed delivery
of iodinated contrast material, correct timing of
data acquisition, and selection of appropriate
scanning parameters. The reconstruction of CT
angiographic data sets obtained on 16- and 64-
section scanners may result in 1000–5000 images
per examination. The large size of the data set
makes it impractical to extract all the information
present by using standard two-dimensional tech-
niques and makes clear the importance of volume
imaging and 3D image display.

Traditionally, a radiologist would review a case
in the axial plane. Next, he or she might review
multiplanar reconstructions, and then, in selected
cases, true 3D images. However, today, compre-
hensive review of a case requires a more inte-
grated approach that is commonly referred to as
volume visualization. The entire case can be ap-
proached as a volume of information to be re-
viewed as appropriate. This paradigm shift has

required significant improvements in workstation
design and software. Systems must process data
quickly and be easy to use. A variety of vendors
have been committed to improving 3D worksta-
tions, and, although systems do vary, most rely on
a combination of 3D applications that includes
volume rendering and maximum intensity projec-
tion (MIP). Although both techniques have been
available on some systems for nearly two decades,
they have undergone substantial evolution, espe-
cially in the past few years.

In this article, we describe the reconstruction
of 3D images by using both volume rendering and
MIP techniques and discuss the specific advan-
tages, disadvantages, and potential pitfalls of each
technique. Through case studies and illustrations,
we also offer suggestions for optimizing the use of
these techniques in daily practice.

Rendering Techniques:
Principles and Concepts

The rendering technique is an important techni-
cal determinant of 3D image quality in most cir-
cumstances. The rendering technique is the com-
puter algorithm used to transform serially ac-
quired axial CT image data into 3D images.
There are a number of different methods, but
most can be divided into the following two
classes: thresholding- or surface-based (binary)
techniques; and percentage- or semitransparent
volume–based (continuous) techniques (1–3).
The initial selection of the rendering technique
greatly affects the quality of the reconstructed
images in any 3D application.

Rendering with either technique consists of
three steps: volume formation, classification, and
image projection. Volume formation involves the
acquisition of the image data, the stacking of the
resultant data to form a volume, and preprocess-
ing, which varies according to the rendering tech-
nique used. Typical preprocessing includes resiz-
ing (by interpolation or resampling) of each vol-
ume element (voxel), image smoothing, and data
editing (eg, deletion of the CT table on which the
patient was positioned). The classification step
consists of determining the types of tissue (or
other classifying quality) that are represented in
each voxel and using that information to assign
color and other visual properties to the voxel. The
assigned values of visual characteristics can be

906 May-June 2006 RG f Volume 26 ● Number 3

R
a
d
io

G
ra

p
h
ic

s



either binary or continuous. At contrast material–
enhanced CT, most voxels can be classified as a
combination of two or more of the following basic
tissue types: fat, soft tissue, bone, contrast-en-
hanced tissue, and air. Other imaging modalities
may yield different categories of classification.
The final step consists of projecting the classified
volume data so that an image is displayed that
represents a view of the 3D volume in the user-
selected orientation.

Most early 3D imaging involved the use of
thresholding-based techniques, since thresholding
can easily produce a model of surfaces of objects
within a volume, even with limited computer
power. For thresholding (which is a binary, not a
continuous classification technique), each type of
tissue to be classified is assigned two numbers: a
low and a high threshold. For a voxel to be con-
sidered to represent that tissue, its attenuation
must lie within the range defined by the low and
high thresholds (2). Bone is usually assigned a
low threshold around 100 HU and a high thresh-
old of more than 3000 HU (essentially, the top of
the scale for most CT data sets).

In the classification of a volume, the attenua-
tion value of each voxel is analyzed and compared
with the low and high thresholds for each tissue.
If the attenuation value is between the high and
low thresholds defined for a tissue, the voxel is
considered to contain that type of tissue. If the
attenuation value lies outside the defined thresh-
olds, the voxel is considered not to contain that
tissue type. The defined ranges of thresholds for
various tissue types should not overlap. This clas-
sification system is binary; that is, it defines each
voxel as containing either 100% or 0% of a given
tissue type, but nothing between those two per-
centages. Each tissue type is assigned a color (and
possibly a level of transparency). Once the vol-
ume has been classified, most thresholding-based
algorithms extract surfaces from the classified
data. A surface is defined as a boundary between
voxels of one tissue type and those of another tis-
sue type. An image then can be generated by de-
fining the viewing orientation, calculating which
surfaces would be visible from such an orienta-
tion, and projecting the information into a two-
dimensional viewing plane. The display may be
reflective, with a simulated light source, or self-
luminous. Both display types provide perspective
and depth cues.

The thresholding-based technique of classifica-
tion has a number of limitations (4,5), its greatest
disadvantage being that voxels that represent
mixed tissue interfaces cannot be accurately clas-
sified (1,6). Volume averaging occurs when two
or more types of tissue are depicted within one
voxel. Thus, in CT, a voxel that encompasses the
boundary of muscle and bone contains a volume
average of attenuation values for bone and soft
tissue. All imaging modalities produce voxels with
volume averaging, because voxels have a finite
size; however, thresholding is based on the as-
sumption that each volume element represents
only one type of tissue. Thresholding-based clas-
sification is thus incompatible with volume aver-
aging and incorrectly classifies voxels that contain
volume averages. The effect of volume averaging
is most significant at tissue-surface interfaces. Of
the voxels along a periosteal surface, for instance,
many represent both bone and soft tissue. This
geometric reality makes the accurate depiction of
surfaces difficult with the use of thresholding-
based classification. Ubiquitous volume averaging
makes it difficult to define a set of thresholds that
represent a particular surface as it is modified by
anatomic variation and pathologic conditions.
The choice of a fixed threshold severely con-
strains this technique. The threshold that would
approximate the attenuation of bone in a healthy
patient, for instance, exceeds the attenuation
value for markedly osteopenic bone, a situation
that may create gaps in the CT data and inaccura-
cies in the reconstructed image. Similarly, in CT
angiography, incorrect threshold selection may
result in inaccurate grading of vascular stenosis
(7–9). The thresholding technique is also suscep-
tible to noise introduced during scanning. A small
amount of noise can modify attenuation values
and create the appearance of soft tissue in a voxel
that actually represents mostly bone.

All of these disadvantages add up to a number
of deleterious artifacts on the reconstructed im-
age: holes in structures, contours that represent
voxel boundaries rather than true tissue inter-
faces, fragments of structures floating in space,
and absence or exaggeration of details such as
bone fractures (4,5). The main advantage of
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thresholding-based reconstruction is its speed,
since a comparatively small amount of computa-
tional power is needed to generate images in a
reasonable amount of time. We do not use thresh-
olding-based reconstruction techniques in our
clinical practice.

Volume rendering, an alternative technique for
3D display of medical imaging data, came into
use in the late 1980s. Volume rendering has an
advantage over thresholding because it can be
used to display data without classifying it into
rigid all-or-nothing categories. Volume rendering
is usually combined with percentage classifica-
tion. The key difference between thresholding-
based classification and percentage classification
is that in the former it is assumed that each voxel
contains either all or none of a particular tissue
type, instead of a combination of different tissues.
In percentage classification, it is assumed that a
voxel may represent one or more tissue types and
that the amount of each tissue, as a percentage of
the entire voxel, is between 0% and 100%. Thus,
percentage classification can more closely ap-
proximate the actual contents of voxels that rep-
resent various tissues or volume averages. Per-
centage classification involves the examination of
each voxel to determine the amount of each type
of tissue represented in the voxel. The resultant
classified volume data consist of voxels in which
each tissue represented is accounted for as a per-
centage of the whole voxel.

In the most common method used to calculate
the tissue percentages for each voxel, a trapezoid
or ramp is used for each tissue type. For example,
let us consider the method used to calculate the
percentage of bone. For bone, a simple ramp that
is similar to a window width–window level curve
can be used to obtain the percentages. A window
width of 600 HU and a level of 400 HU closely
approximate the percentages of bone. Voxels that
appear dark on images obtained with that window
width and window level are assigned 0% bone,
and voxels that appear bright are assigned 100%
bone. Voxels within the range between those two
extremes are various shades of gray and contain a
percentage of bone between 0% and 100%. For
instance, with a window width of 600 HU and a
level of 400 HU (which is a ramp that begins at
100 HU and increases to full brightness at 700
HU), a voxel with an attenuation value of less
than 100 HU would be dark and therefore as-
signed 0% bone; a voxel with an attenuation value

of 250 HU would be gray and would be assigned
(250 HU�100 HU)/600 HU � 25% bone; and a
voxel with an attenuation value greater than or
equal to 700 HU would be assigned 100% bone.

For tissues such as soft tissue, an open-ended
ramp does not work well because it cannot model
the narrow range of attenuation values. In that
case, a trapezoidal shape (which can be thought
of as two ramps placed back-to-back, one of
which slopes upward and the other of which
slopes downward) is a good method for assigning
percentages. As one moves up the scale of attenu-
ation values, there are four points defined by the
trapezoid: a low 0% point, a low 100% point, a
high 100% point, and a high 0% point. (Again, to
use the back-to-back ramp analogy, the low 0% to
low 100% section is exactly the same as a window
width–window level ramp, and the high 100% to
high 0% section is a reverse ramp such as might
be used for bright-air imaging.) An attenuation
value between the low 0% point and the low
100% point is assigned a soft-tissue percentage
within the range of 0%–100%. An attenuation
value between the low 100% point and the high
100% point is assigned a soft-tissue percentage of
exactly 100%. An attenuation value between the
high 100% point and the high 0% point is as-
signed a soft-tissue percentage within the range of
100%–0% soft tissue. An attenuation value below
the 0% low point or above the 0% high point is
assigned 0% soft tissue. Typical values for these
four points for soft tissue would be a low 0%
point of 25 HU, a low 100% point of 50 HU, a
high 100% point of 75 HU, and a high 0% point
of 125 HU. Note that the ranges between differ-
ent tissue types generally overlap: For example,
the tail end of the downward ramp for soft tissue
(100–125 HU) overlaps with the typical bone
ramp, which begins its upward climb at 100 HU.
The region of overlap is the region in which the
voxels contain volume averages (ie, both bone
and soft tissue), and percentage classification can
represent this accurately.

Once the data have been assigned percentages,
they must be further processed to form a final
image. Each tissue type is given a color and trans-
parency, and thus each voxel can be assigned
a color and transparency by calculating the
weighted sum of the percentage of each tissue
type represented in the voxel and the color and
transparency assigned to that tissue type. For ex-
ample, assume that soft tissue is assigned the
color red with a 50% transparency and that bone
is assigned the color white with a 25% transpar-
ency. A voxel that represented 75% soft tissue
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and 25% bone would be a pinkish color and have
a transparency between 50% and 25%. Once
color and transparency are assigned to each voxel,
a 3D image is produced by casting simulated rays
of light through the volume that contains the clas-
sified and colored voxels (Fig 1). As the simulated
rays pass through a voxel, the color and transpar-
ency of the voxel modulate the color of the rays.
The final result is an image that can be displayed
on a computer monitor or as hard copy. Volume
rendering requires more computational power
than do surface-based reconstruction techniques
because each voxel in the data set must be pro-
jected into an image; with a surface-based tech-
nique, only the surface data must be processed.
Images generated with the use of volume render-
ing do not have many of the significant computer-
generated artifacts found on images reconstructed
with surface-based or threshold-based classifica-
tion (10). Computer-generated artifacts, at best,
tend to engender distrust of 3D images and, at
worst, could lead to profound diagnostic or thera-
peutic errors. We believe the greater fidelity of
volume rendering to the patient data justifies the
additional computational power required.

Over the past few years, the medical imaging
community has embraced volume rendering for a
wide variety of 3D imaging applications, includ-
ing CT angiography, oncologic imaging, and or-
thopedic imaging. Numerous articles have ad-
dressed the accuracy of volume rendering in ap-
plications ranging from the grading of vascular
stenoses (11–13) to planning of partial nephrec-
tomy (14,15) and evaluation of renal donors (16–
18). In each case, findings at CT angiography

with volume rendering have correlated well with
conventional angiographic or surgical findings. In
addition, the results of comparative studies show
that volume rendering is superior to MIP and
shaded surface display for identifying or estimat-
ing the caliber of small vessels (19,20). In our
practice, volume rendering is the principal tech-
nique used for all clinical and research applica-
tions.

If thresholding and volume rendering are con-
sidered the two end-points of a line, then MIP lies
somewhere between them. In the MIP algorithm,
the highest-attenuation voxels along lines pro-
jected through the volume data set are selected
(3). The subset of these high-attenuation voxels
from the volume is then incorporated into a two-
dimensional image. MIP is a widely used render-
ing tool and has proved particularly valuable for
evaluation and display in CT angiography (21–
26). MIP has been shown to be more accurate
than surface rendering for evaluating the vascula-
ture (8,27,28). However, an understanding of
how the MIP algorithm produces renderings and
of the limitations of MIP is essential for the cor-
rect interpretation of MIP images. The two most
significant limitations of the technique are that
the presence of other high-attenuation voxels may
obscure evaluation of the vasculature and that the
3D relationships among the structures in the dis-
play are not visible (2). Most commonly, this first
limitation is a problem when evaluating athero-
sclerotic vessels that contain large calcifications,

Figure 1. Schematic comparison of volume-rendered and MIP images. (a) Volume-rendered image provides clear
definition of individual vessels. (b) MIP image reconstructed from the same volume data shows all of the vessels, but
their outlines merge; it is impossible to visualize the spatial relationships between the vessels or to delineate individual
vessels on the MIP image.
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because the calcifications prevent accurate visual-
ization of the vascular lumen (12,29,30). The
second limitation results from the fact that the
MIP display is a two-dimensional representation
that cannot accurately depict the actual 3D rela-
tionships of the vessels (29,31,32) (Fig 1). To
improve evaluation of the vasculature by remov-
ing other high-attenuation voxels either from ad-
jacent vessels or from bone, slab editing of the
volume is helpful (Figs 2, 3) (18,31). The advan-
tage of volume editing was confirmed in a recent
renal donor study in which sliding thin-slab re-
construction was compared with thick-slab recon-
struction with use of both volume rendering and
MIP. Results showed that sliding thin-slab recon-
struction significantly increased the sensitivity of
CT for the detection of supernumerary arteries
(18). Despite the shortcomings of this algorithm,
MIP has become a valuable tool for 3D rendering
of the vasculature.

Are All Images the Same?
Why does an image obtained with volume render-
ing on system A from vendor X not look the same
as an image on system B from vendor Y? The
short answer is that each vendor has its own ver-

sion of volume rendering. Volume rendering is a
generic term that simply refers to a 3D volume
reconstruction method that allows every voxel
in the volume data to contribute to the recon-
structed image. There are many methods of vol-
ume rendering, and they can produce very differ-
ent results. The method that the vendor uses has
a large effect on the resultant images.

In addition, in most volume rendering meth-
ods there are many adjustable parameters that
change the way the image looks. The simplest
parameters are window settings (window center
and width). Other volume rendering parameters
include color, degree of opacity or transparency,
and shading. Because there is no standardization
of volume rendering methods among vendors, the
parameters from one system do not generally
translate well to another.

Image quality also varies among vendors. The
particular volume rendering method used has the

Figure 2. Schematic comparison of volume-rendered and
MIP images after editing of the data set. (a) The large vol-
ume is reduced to a thinner slab (15 mm) by using an auto-
mated clip plane editing tool. (b) With volume rendering,
vessels are well defined and the 3D spatial relationships be-
tween individual vessels can be correctly delineated. (c) With
MIP, each vessel is defined but there is a lack of separation
and accurate spatial orientation.
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greatest effect on image quality, but other factors
also come into play. Does the system use full 12-
bit (�1024 to 3072 HU) input data for render-
ing? Does it limit the volume size to some maxi-
mum, so that larger volumes are shrunk when
loaded? What is the quality of the video hardware
display? All these factors affect image quality.

MIP is a specific type of rendering in which the
brightest voxel is projected into the 3D image.
There tends to be much less variability in MIP
image reconstruction than in volume rendering,
because fewer parameters are factored in to the
MIP algorithm. Most MIP methods use only win-
dowing parameters (window width and center,
specified in Hounsfield units) and not color,
opacity, or shading; windowing parameters are
standardized measures that should be valid across
different vendors’ systems. Nonetheless, it has
been reported that differences in image quality
result from reconstruction with different MIP

algorithms (33). Other image quality factors (12-
bit input data, volume reduction, and display)
besides windowing may affect MIP reconstruc-
tion. For large cases (eg, runoff cases with more
than 1000 sections), volume reduction can have a
huge effect on MIP image quality, and the use of
the entire range of input data (12 bits) can have a
lesser effect.

MIP versus Volume
Rendering: Imaging Examples

Volume rendering always accurately depicts 3D
relationships, while MIP may not do so, espe-
cially on arterial phase–dominant images that
show both arterial and venous structures (Figs
4–6). On such MIP images, venous structures
typically appear to have an anatomic location
that is more posterior than their actual location.
Volume rendering not only allows display of the
vascular anatomy but also provides definition
of soft tissue, muscle, and bone, which may con-
tribute to a more comprehensive understanding
of pathologic processes (Figs 7a, 7b, 8). In addi-
tion, volume rendering enables a color display,
which often improves the visualization of complex
anatomy and 3D relationships (32) (Figs 9–11).

Figure 3. Schematic comparison of volume-rendered and MIP
images after further editing of the data set. (a) The slab is narrowed
further (to 5 mm) with clip plane editing of the volume. (b, c) Vol-
ume-rendered (b) and MIP (c) images both depict the individual
vessels. However, despite the thinner slab, the image in c is a flat
projection and does not provide a 3D view of the vessels.
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Figure 4. Renal donor evaluation. (a) Coronal oblique volume-rendered image depicts classic orienta-
tion of the renal vein, two left renal arteries, and a left prehilar renal artery branch (small arrow). The left
gonadal vein (large arrow) is well defined. (b) Coronal oblique MIP image correctly defines the renal ar-
teries, but the locations of the renal vein and gonadal vein (arrow) are inaccurately depicted.

Figure 5. Liver mass evaluation. (a) Coronal oblique volume-rendered image provides good 3D definition of the
superior mesenteric artery, the celiac artery, and the tortuous splenic artery and hepatic artery. (b) On the coronal
oblique MIP image, the 3D relationships are lost because of the rendering technique.
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Figure 6. Liver mass evaluation. (a) Coronal volume-rendered image depicts a replaced right hepatic artery (small
arrow) that branches from the superior mesenteric artery, as well as two hepatic hemangiomas (large arrows). (b) Cor-
onal MIP image depicts the hepatic lesions (large arrows) but inaccurately indicates that the right hepatic artery
(small arrow) arises from the right renal artery.

Figure 7. Occlusion of the superior vena cava.
(a, b) Volume-rendered images obtained with dif-
ferent rendering parameters demonstrate the flex-
ibility of volume rendering for visualization of the
chest wall musculature, thoracic bone, and the supe-
rior vena cava, which is nearly occluded by a tumor.
(c) MIP image obtained with thin-slab reconstruc-
tion also shows near-occlusion of the superior vena
cava.
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Figure 8. CT images ob-
tained to rule out abscess.
Coronal volume-rendered
images of the hand and wrist
from a posterior orientation
(a with different reconstruc-
tion parameters than b) show
soft-tissue swelling and local-
ized erythema due to cellulitis,
but no abscess.

Figure 9. CT angiography depicts an enlarged mass at a prior anastomotic site in the right side of the
groin. Coronal (a) and coronal oblique (b) color-coded volume-rendered images provide realistic 3D
views of the pseudoaneurysm, feeding and draining vessels, and occlusion of the left limb of the graft.
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Figure 10. Evaluation of an endovascular stent with CT angiography. Coronal (a, c) and sagit-
tal (b, d) MIP images (a, b) and volume-rendered images (c, d) show successful stent placement.
The sagittal image with color mapping in d provides improved depiction of the stent detail, as well
as a more accurate 3D perspective.
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However, MIP may allow visualization of smaller
branch vessels with less work than is required for
volume rendering. The capability of viewing only
the brightest pixels may help to define smaller
branch vessels in the liver (21), kidney, and lung
(Figs 11, 12).

Calcifications in vessel walls are usually more
of a problem with MIP than with volume render-
ing. With MIP, luminal narrowing may be overes-
timated, whereas with volume rendering the ves-
sel lumen and wall calcifications usually can be
individually defined (1) (Figs 13, 14).

Figure 11. CT angiography of the pulmonary vasculature. Coronal MIP images (a, b) and volume-rendered im-
ages (c, d) based on a volume data set obtained with 64-section multi–detector row CT show an amazing level of
detail. Color mapping helps increase the 3D effect in d. The MIP images show a bit more vessel detail at the periph-
ery, produced with less operator interaction than was detail on the volume-rendered images.
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use of opaque volume rendering, while MIP re-
quires substantial editing in most cases (Fig 15).

Volume-rendered images and MIP images,
when evaluated together, enable a comprehensive
understanding of the full extent of a pathologic
process. Volume rendering provides additional
information beyond the vascular map (Figs 16,
17) (2).

Figure 12. CT angiography for evaluation of renal artery stenosis. Both the volume-rendered image (a) and the
MIP image (b) provide excellent vessel depiction in the coronal plane, but b shows a bit more of the peripheral intra-
renal vessels.

Figure 13. CT angiography of the carotid artery. (a) Sagittal oblique MIP image suggests internal carotid artery
occlusion. (b, c) Sagittal oblique (b) and sagittal (c) opaque 3D volume-rendered images show that the calcification
does not cause luminal narrowing. Both opaque and transparent volume-rendered images are helpful in this applica-
tion.
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Figure 14. CT an-
giography for evalua-
tion of peripheral
vascular disease. Ex-
tensive calcifications
make it impossible to
assess luminal pa-
tency on the poste-
rior coronal MIP im-
ages (a, b). On the
posterior coronal vol-
ume-rendered im-
ages (c, d), the calci-
fications are depicted
on the vessel walls,
and luminal patency
is well defined.

918 May-June 2006 RG f Volume 26 ● Number 3

R
a
d
io

G
ra

p
h
ic

s



Figure 16. CT angiography of the liver in a patient with hepatitis C. Coronal (a, b) and axial (c, d) volume-ren-
dered images (a, c) and complementary MIP images (b, d) define the hepatoma in the right lobe of the liver and pro-
vide a hepatic arterial map.
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Figure 15. CT angiography to rule out vascular injury due to trauma. (a, b) Anterior (a) and posterior (b) coronal
volume-rendered images define the fracture as well as the patent popliteal artery. Editing is often unnecessary when
opaque volume rendering is used, as in this case. (c, d) Anterior coronal MIP images require editing of bone to en-
able visualization of the vascular map.

Teaching PointWith regard to depiction of the vasculature, minimal or no editing of bone is needed with the use of opaque volume rendering, while MIP requires substantial editing in most cases (Fig 15).



Preferential Uses and Pitfalls
While MIP is very useful for CT angiography and
is reasonably robust for many applications, vol-
ume-rendered images are useful for a wider range
of applications, because volume rendering can
better depict soft tissues and 3D relationships
(Figs 7, 8). In our experience, MIP serves as a
useful adjunct to volume rendering, and we rou-
tinely use both in our practice. However, because
of its limitations, we would never use MIP images
alone, without correlation to volume-rendered
images. CT angiographic applications for which
the use of MIP is advantageous include the cre-
ation of a vascular map for display by a referring
physician (6) (Figs 16, 17) and the easy visualiza-
tion of small intraparenchymal branches in an
enhancing organ, such as the liver or kidney (21)
(Figs 12, 16, 17). MIP is well suited for the rapid
demonstration of collateral vessels (22), since
demonstration of the 3D relationships is not im-
perative.

However, small extraparenchymal ves-
sels are more accurately depicted with volume
rendering (19), and MIP may not be as specific
for grading of vascular stenoses (11). These limi-
tations result from the use of only a portion of the
data set and from the capacity of calcification to
obscure the vascular lumen with MIP reconstruc-
tion. Heavily calcified arteries require a careful
comparison of the MIP images with the axial
source images (30) (Figs 13, 14), and volume
rendering may prove more accurate in the setting

Figure 17. CT angiography with use of both MIP and volume rendering as complementary techniques for vascular
mapping. (a) Coronal MIP image provides good definition of the gastroduodenal artery (arrow). (b) Coronal vol-
ume-rendered image shows a pancreatic adenocarcinoma that encases the vessel. (c) Coronal MIP image shows right
renal artery stenosis due to noncalcified plaque in the proximal artery. (d) Coronal volume-rendered image elucidates
the lower-attenuation soft plaque.
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Teaching PointCT angiographic applications for which the use of MIP is advantageous include the creation of a vascular map for display by a referring physician (6) and the easy visualization of small intraparenchymal branches in an enhancing organ, such as the liver or kidney (21). MIP is well suited for the rapid demonstration of collateral vessels (22), since demonstration of the 3D relationships is not imperative.



of severe atherosclerotic calcifications. It is im-
perative to understand that the absence of 3D
relationships in an MIP image display can result
in improper localization of vessels (Figs 4–6). If
volume rendering is not available, the creation of
cine loops from MIP images in multiple orienta-
tions may enhance the depiction of 3D relation-
ships (34).

Unlike MIP, volume rendering does not abso-
lutely require slab editing, since the bones do not
necessarily interfere with visualization of the vas-
culature. This is useful in anatomic regions where
bones and vessels are in close proximity (Figs 8,
9, 15). The capacity to depict soft tissue and vas-
culature at the same time makes volume render-
ing useful for tumor staging (35) (Fig 17). One of
the challenges of volume rendering is that the user
must adjust the display parameters (eg, degree of
opacity) to most accurately depict the vasculature
(3,36). Because volume rendering is an interac-
tive process, it is vulnerable to interobserver vari-
ability (37) and dependent on user mastery in the
optimization of rendering parameters. With vol-
ume rendering, image quality and the speed of
image reconstruction and display are more de-
pendent on the user’s level of experience than is
the case with MIP, which is probably the easiest
technique to master because of its simplicity.
However, the use of preset display parameters
enables even novice users to quickly generate 3D
volume renderings that are tailored to a specific
application, and newer systems are even more
user friendly.

It is our belief that all 3D rendering should be
performed interactively by the radiologist. With
currently available hardware and software, even
64-section data sets can be manipulated interac-
tively, and the display can be instantaneously
changed from volume rendering to MIP. Interac-
tive adjustment of volume rendering parameters,
rotation of the data set, and automated clip plane
editing all can be performed in real time.

Conclusions
CT angiography has made significant advances in
the past several years, with the development of
multisection CT and improvements in 3D hard-
ware and software. However, CT angiography
and other 3D applications will continue to evolve.
Further changes in computer hardware and spe-
cial-purpose image processing boards will allow
easy manipulation of larger scan volumes, faster
interactive display, and improved image quality.

These changes will help drive volume visualiza-
tion of routine studies as well as 3D studies and
ultimately will be incorporated into daily practice.
Radiologists must embrace this paradigm shift
from traditional axial sections toward primary 3D
volume visualization to efficiently and compre-
hensively review large data sets and, ultimately,
improve patient care. Within a few years, 3D vol-
ume rendering and MIP imaging will be a routine
part of normal CT practice.
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Page 909 
However, an understanding of how the MIP algorithm produces renderings and of the limitations of 
MIP is essential for the correct interpretation of MIP images. The two most significant limitations of 
the technique are that the presence of other high-attenuation voxels may obscure evaluation of the 
vasculature and that the 3D relationships among the structures in the display are not visible (2). 
 
Page 911 
Volume rendering not only allows display of the vascular anatomy but also provides definition of soft 
tissue, muscle, and bone, which may contribute to a more comprehensive understanding of 
pathologic processes. 

 

With regard to depiction of the vasculature, minimal or no editing of bone is needed with the use of 
opaque volume rendering, while MIP requires substantial editing in most cases (Fig 15). 

 
Page 920 
CT angiographic applications for which the use of MIP is advantageous include the creation of  
a vascular map for display by a referring physician (6) and the easy visualization of small intraparenchymal 
branches in an enhancing organ, such as the liver or kidney (21). MIP is well suited for the rapid 
demonstration of collateral vessels (22), since demonstration of the 3D relationships is not imperative. 
 
Page 921 
One of the challenges of volume rendering is that the user must adjust the display parameters  
(eg, degree of opacity) to most accurately depict the vasculature (3,36). Because volume rendering is 
an interactive process, it is vulnerable to interobserver variability (37) and dependent on user mastery 
in the optimization of rendering parameters. 

Figure 15. CT angiography to rule out vascular injury due to trauma. (a, b) Anterior (a) and posterior (b) coronal
volume-rendered images define the fracture as well as the patent popliteal artery. Editing is often unnecessary when
opaque volume rendering is used, as in this case. (c, d) Anterior coronal MIP images require editing of bone to en-
able visualization of the vascular map.
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