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Maximum intensity projection (MIP) is a simple three-dimensional visu-
alization tool that can be used to display computed tomographic angiog-

raphy data sets. MIP images are not threshold dependent and preserve

attenuation information. Thus, they often yield acceptable results even

in cases in which shaded surface display images fail because of thresh-
old problems. MIP is particularly useful for depicting small vessels. Be-

cause MIP does not allow for differentiation between foreground and
background, MIP images are best suited for displaying relatively simple

anatomic situations in which superimposition of structures does not oc-
cur (eg, the abdominal aorta). If anatomic structures are superimposed
over the vessel of interest, the MIP technique can provide images of di-

agnostic quality as long as the contrast of the vessel of interest is suffi-
ciently high compared with that of surrounding structures. Editing pro-

cedures for MIP are usually used to exclude unwanted structures from

the volume of interest and include cutting functions and region-growing
algorithms. Artifacts from vessel pulsation and respiratory motion may

occur and simulate abnormalities, but, with careful attention, they can
be distinguished from real disease. MIP images should always be inter-

preted together with the original transaxial data set. Knowledge of dis-

play properties and artifacts is necessary for correct interpretation of
MIP images and helps one create images of optimal quality, choose ap-

propriate examination parameters, and distinguish artifacts from dis-

ease.

Abbreviations: MIP maximum intensity projection, SSD = shaded surface display, VOl = volume of interest, 2D =

two dimensional, 3D = three dimensional

Index terms: Computed tomography (CT), angiography, �.l29162 . Computed tomography (CT), image processing

Computed tomography (CUr), maximum intensity projection, �. 129162
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Figure 1. (a) Diagram illustrates the basic principle of MIP: Parallel rays are cast through a VOl, and

the maximum CT number along each projecting ray is displayed as an MIP image. (b) Diagram illus-

trates the basic principle of SSD: Rays are cast from a light source onto the surface of an object and are

reflected or scattered according to surface orientation. The amount of light that reaches the eye of an
observer determines the local gray value of each pixel in the view plane.

U INTRODUCTION
Computed tomographic (CT) angiography is a

minimally invasive technique for vascular imag-

ing that is based on spiral or helical CT (1-5).

To obtain an “angiographic” display of vascular

structures, various three-dimensional (3D) ren-

dering techniques are used to project the ac-

quired data volume into a view plane. The most

welt known of these techniques are shaded sur-

face display (SSD) and maximum intensity pro-

jection (MIP) (4). Newer volume-rendering

techniques may combine the advantages of

both methods, yielding a variety of effects such

as semitransparent views, improved surface

definition, and high-quality images in virtual en-

doscopic displays (6,7).
In this article, we review the basic principles

of MIP as applied to CT angiography and dis-

cuss the display properties of this technique

and the influence of various examination pa-

rameters on image quality. In addition, we de-

scribe various editing procedures for data

preparation, as well as pitfalls for image inter-

pretation and ways to detect them. Optimized

strategies to obtain good results for various

clinical imaging tasks are outlined.



Figure 2. (a, b) Anteroposterior MIP images are shown before (a) and after (b) data editing to remove the

skeletal structures. (c, d) Corresponding transaxial images before (c) and after (d) data editing are displayed in
which the projected voxels (those with maximum CT number in the anteroposterior viewing direction) are
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highlighted in red.

U PRINCIPLES OF MW
MIP is a simple volume-rendering technique.
For a given viewing direction, parallel rays are

cast through a volume of interest (VOl), and the

maximum CT number encountered along each

ray is displayed (Fig la). This VOl is determined

from a stack of transaxial spiral CT images. For

CT angiography, various editing procedures are

used to exclude structures that might be super-

imposed over the vessel of interest. Bones usu-

ally have a higher CT number than contrast ma-

terial-enhanced vessels and wilt be preferen-

tiatly displayed on MIP images (Fig 2a). Thus,

exclusion of bones is necessary for most appti-

cations of CT angiography (Fig 2b).

Data editing can be avoided if only a few

transaxial images are used to produce MIP im-

ages (a technique known as thin-slab MIP) in a

caudocranial viewing direction. For interactive

viewing, this slab can then be moved through

the whole stack of transaxial images (ie, sliding

thin-slab MIP images) (8).

In contrast to MIP, SSD requires the defmi-

tion of a 3D binary object. This object is then il-

luminated by a virtual light source, and the re-
sulting reflections from the object surface de-

termine the local gray values on the SSD image

(Fig ib).

SSD images contain depth information about

the object surface (foreground and background

discrimination), but most SSD variants do not

retain attenuation information from inside an

object. In contrast, MIP images do not provide

depth information, but they do contain attenua-

tion information (eg, about vascular calcifica-

tions). Although SSD requires precise definition

of the vessel of interest, MIP needs to exclude

only disturbing overlying structures from the

VOl to produce diagnostically useful images.

. Projection Effects

Differentiation between foreground and back-

ground is not possible on a single MIP image.

On an MIP image, the voxet with the highest

CT number is displayed, independent of the

voxel position along the projecting ray (Fig 3).

As a consequence, various projection effects oc-

cur. To achieve a 3D effect, one must view mul-

tiple MIP images from slightly varying viewing

angles (cine display).

Whenever the projecting ray hits a contrast-

enhanced voxel, that voxel is displayed prefer-

entially over voxels of soft-tissue attenuation
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Figure 3- (a) On an anteroposterior view of the renal arteries, the presence of a large ovarian artery (arrow)
was suspected. 0,) With a narrower VOI, a superprojecting side branch of the superior mesenteric artery could

be excluded, and the resulting MIP image demonstrates the normal anatomy (with a stenosis of the left renal ar-

tery). MIP images do not provide depth information.

a. b.

Figure 4. SSD (a) and MIP (b) images demonstrate a complex anomaly of the aorta. The SSD image

clearly depicts a hypoplastic aortic arch (straight black arrow), a persistent coarctation (arrowheads),

bilateral subclavian aneurysms (of which only one is seen en face, curved arrow), and an extra-ana-

tomic aortic bypass graft (white arrows). Independent of the viewing angle, a sufficient display of the

abnormality was not possible with MIP.

values. Thus, concave regions may be superim-

posed by surrounding voxels, depending on the

viewing direction. This “silhouette effect” pro-

duces a shadowlike image (Fig 4b). Because of

this projection effect, MIP images are well

suited for display of simple vascular anatomy

(eg, the abdominal aorta) but are not useful for

visualization of complex anatomic situations

with superprojecting vessels (Fig 4) (2,8).

MIP images do not allow visualization of

hypoattenuating intratuminal abnormalities. In-

tratuminal thrombi (Fig 5) or pulmonary emboli

can be detected only if they are directly adja-

cent to the vessel wall or if the CT numbers of

the remaining contrasted vessel lumen are re-

duced because of partial volume averaging. In

MIP images of an aortic dissection in which the

true and false channels are enhanced to the

same degree, dissecting membranes must tie

parallel to the viewing direction to be directly

visualized (Fig 6) (9). Curved membranes can-

not be seen. If there is a perfusion difference,

however, MIP is sensitive in the depiction of

the aortic dissection, but the width of the chan-

net with the higher CT numbers (usually the

true channel) will usually be overestimated.

In general, MIP images are better suited for

depicting the abdomen and pelvis than the
chest. There are disease entities and anatomic

situations in which the MIP technique may fail

in individual cases.
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Figure 5. (a) Axial CT scan shows a floating thrombus in the portal vein. (b) On the anteroposterior MIP im-

age, this finding is completely missed. Arrow indicates where the thrombus should have been found.

Figure 6. Anteroposterior MIP image (a) and axial

CT scans (b, C) obtained at levels 1 and 2 show a

chronic aortic dissection with identical enhancement

of both channels. The MIP image demonstrates only

those portions of the membrane that run exactly par-
allel to the viewing direction.
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Figure 8. Anteroposterior MIP images reconstructed with a narrow VOl (a) and a wide one (b) demonstrate

the renal arteries. The vessels have identical brightness on both MIP images, but the background attenuation is

increased with use of the wide VOl (b). As a result, the tower branch of the right renal artery is completely

masked by background attenuation (arrowheads). The calcified plaques at the renal artery orifices completely

obscure the arterial lumen independent of the VOl.

I VOl Width
In MIP images, the attenuation of vascular struc-

tures (maximum CT number) is not affected by

the size of the VOl. The attenuation of the soft-

tissue background, however, grows with in-

creasing width of the VOl because the chance

of encountering larger CT numbers increases

with the length of the ray path within the VOl.

There are two main reasons for this: statistical

variations among CT numbers due to image

noise and inclusion of organs with higher CT

numbers.

Image noise is particularly high in adipose

patients and is increased by use of low milhiam-

pere seconds or standard (instead of smooth-

ing) reconstruction algorithms. The probability

of encountering larger CT numbers grows with

higher noise levels and with increasing path

length through the (noisy) soft-tissue back-

ground. Thus, the attenuation of a homoge-

neous tissue sample on an MIP image is deter-

mined by the average CT number of this tissue,

the image noise, and the width of the VOl (path

tength). With growing path lengths, there is at

first a rapid increase in background attenuation.

At VOl widths greater than a few centimeters,

the change in background attenuation becomes

very small (Fig 7).

Background attenuation also increases as or-

gans enhance with contrast material. During

the course of spiral CT data acquisition (usually

20-40 seconds), organ enhancement increases;

thus, the background attenuation will also in-

crease toward the end of the scan. Organ en-

hancement is strongest in the abdomen (kid-

ney, spleen, liver, and bowel) and in the neck

(thyroid). The greater the number of enhancing

structures included in the VOI, the larger the

probability that the background attenuation

wilt exceed the CT number of a vessel of inter-

0 50 100 150 200

Width of VOl (mm)

Figure 7- Graph demonstrates the effects of back-

ground CT numbers on an MIP, displayed as a func-

tion of VOl width. The background attenuation con-

sists of image noise (from a homogeneous 20-cm Wa-

ter phantom) and inclusion of enhancing overlying

organs (same case as in Fig 8, with use of a paracavat

VOl). For comparison, the attenuation of a small re-

nat artery (right-sided lower branch on Fig 8) is dis-

played.

est (Fig 7). The vessel will then be lost on the

MIP image (Fig 8).

Background attenuation increases most

strongly if overlying vessels are included in the

VOl. The effect of overlying vessels is strongest

in the chest. With MIP, there is no separation of

pulmonary arteries and veins, and pulmonary

vessels are superimposed over the aorta (Fig 4).
In the abdomen, there is superprojection of re-

nat and portal veins (Fig 9). In the neck, the

jugular veins may obscure the carotid arteries.

if possible, overlying vessels should be ex-

cluded by using editing procedures. In many

cases, removal of an overlying vessel is the only

way that the vessel of interest can be evaluated

sufficiently.
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Figure 10. Graphs illustrate the effect of background attenuation on vessel diameter. Vessel profiles along the
z axis were measured for simulated vessels of 5-mm (a) and 3-mm (b) diameter that ran parallel to the scan

plane. The ideal rectangular profiles are also provided. The apparent vessel diameter can be derived from the at-

tenuation profile of a vessel and the level of the background attenuation. With increasing background attenua-

tion, edge pixels are no longer displayed and the apparent vessel size decreases.

a.

b.
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As background attenuation increases, appar-

ent vessel size in MIP images decreases. This is

due to partial volume averaging. Vessels that

run parallel to the scan plane are blurred along

the patient axis (z axis). Depending on the

background attenuation, a varying amount of

voxels at the border of the vessel wilt lie below

this attenuation value and thus will not be dis-

played. The higher the background attenuation,

the smaller the displayed cross section of the

vessel.

This effect can be quantified when the at-

tenuation profile (“vessel profile”) of such a

Figure 9. (a) Anteroposterior MIP

image of the renal arteries demon-

strates enhancement of an overlying

renal vein (arrow). This locally in-

creased background attenuation de-

creases the apparent size of the left
renal artery, suggestive of a moder-

ate stenosis. (b) Posterior SSD image

demonstrates the normal vessel size.

vessel is determined by measuring the CT num-

bers along a cross-sectional line parallel to the z

axis through the center of the vessel. Ideally,

the vessel profile should be rectangular (CT

numbers higher than those of the background

are measured only in the vessel and not out-

side). In reality, the vessel profile has a rounded

shape (Fig 10). Only those portions of the yes-

set profile with CT numbers larger than the

background attenuation wilt contribute to the

resulting MIP image. With increasing back-

ground attenuation, the vessel “drowns” in the
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Figure 11. Images ofa phantom illus-

trate influence of scan parameters on z-

axis distortion and apparent vessel con-

tnt.st. Anteroposterior (a) and caudo-

cranial (1,) views show a vessel phantom
with a simulated stenosis that was paral-

lel to the scan plane. Parameters are

given as a triplet of numbers: collima-

tion/table feed/reconstruction incre-

ment (values in millimeters). Although

there is marked distortion along the z

axis in the anteroposterior views with

increasing collimation, only a reduction

in contrast is visible on the caudocraniat

views. Note that a pseudo- occlusion

develops on these latter images with

larger collimation.

Figure 12. Graph depicts maximum CT numbers
measured in a vessel phantom (horizontal vessel

course) and expressed as a percentage of the theoretic
value. Scan parameters are given as a triplet of num-

hers: collimation/table feed/reconstruction increment

(all values are in millimeter). Note that vascular con-

trast decreases rapidly if vessel diameter falls below 3

mm. The effect is less pronounced for larger pitch fac-

ton; (eg, comparing 3/5/1 and 5/5/t). The vascular con-

trast diminishes with increasing effective section thick-

ness.

background, and the apparent vessel size de-

creases (Fig 10). The effect is most pronounced

for small vessels (Fig 1 Ob) and may even simu-

late vessel occlusion (Fig 8).

As a result, the width of the VOl must be

chosen to be as narrow as possible to reduce

background attenuation and to increase the

conspicuity of vascular structures. All disturb-

ing overlying structures should be excluded.

The advantages of a narrow VOl and interactive

viewing are combined when sliding thin-slab

MIP images are used (8).

. Object Distortion and Scan Param-

eters
Increasing the effective section thickness leads

to increased image distortion along the z axis.

Vessels that run parallel to the scan plane (eg,

renal arteries, circle of Willis) are most strongly

affected by partial volume averaging: The vessel

profile widens along the z axis, and the vessel

contrast decreases (Figs I 1 , 1 2) (10-12).

The choice of scan parameters is determined

by the required scan range and the possible

scan time (usually the time that the patient is

able to hold his or her breath). From this, the

necessary table feed per rotation is determined.

To cover the scan range with the smallest pos-

sible effective section thickness, the collimation

should be reduced as much as possible. This is

equivalent to increasing the pitch factor (table

feed �- collimation). The pitch factor, in gen-

erat, should not be increased above a value of

2.0, since this causes undersampling of data and

may lead to artifacts (1 3). For optimal results,

use of a 180#{176}interpolation algorithm is re-

quired (Table) (14). Figure 1 3 demonstrates

that the vessel profile along the z axis improves

(for a constant table feed, such as 5 mm per ro-

tation) if the collimation is reduced (eg, from 5

mm to 3 mm, thus increasing the pitch from 1.0

to 1.6).



InfluenCe of Scan Parameters on Effective Section ThiCkness (at an Identical Volume Coverage

per Time)

* The effective section thickness is given as full-width-at-tenth area, calculated according to reference 13.

C-

Figure 14. MIP images reconstructed with different

increments demonstrate that the step artifacts in the

renal arteries are markedly reduced when the recon-

struction increment is reduced from 3 mm (a) to 1

mm (c). Scan parameters are given as a triplet of

numbers: collimation/table feed/reconstruction incre-

ment (values in millimeters). Even for larger table

feeds, such as those used for the evaluation of an ab-

dominat aortic aneurysm, highly overlapping image
reconstruction improves the quality of MIP images.

Vessel Profile
(0 = 3mm) Ideal
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Figure 13. Graph shows the effects of changing

pitch. With a table feed of 5 mm, a reduction of col-

limation from 5 mm (pitch = 1 .0) to 3 mm (pitch =

1 .6) leads to a narrower vessel profile and less con-

trast reduction due to partial volume averaging ef-

fects. For optimal z-axis resolution at a given scan
range, pitch factors greater than or equal to 1.5

should be used.

A smoothing reconstruction algorithm

should be used to reduce image noise and thus

background attenuation. Because the CT num-

bers of vessels are hardly affected, the result is

an increase in contrast of vascular structures on

MIP images.

If vessels of interest in the MIP images have
a horizontal course (ie, parallel to the scan

plane), the reconstruction interval should be as

small as reasonably possible (1 -2 mm) to avoid

generating step artifacts, since these artifacts

may resemble stenoses (Fig 14). With narrow

collimation (0.5-2 mm), the reconstruction in-

terval should be less than or equal to half the

table feed per rotation (ie, 0.2- 1 .0 mm).
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Figure 15. Anteroposterior MIP (a)

and caudocranial thin-slab MIP (b, c)

images show an abdominal aortic an-

eurysm with multiple renal arteries

(arrows in a). The spatial resolution

in the caudocranial projection is

higher, and on C, an accessory left re-

nal artery that originates from the an-

eurysm is detected. On the antero-

posterior image (a), this vessel was

superimposed by the lumen of the

aneurysm. Note that the proximal

portion of the aneurysm is relatively

low in attenuation; this appearance is

due to turbulent slow flow in the an-

eurysm. Unenhanced blood is slowly

exchanged by contrast-enhanced
blood and will remain hypoattenu-

ating during the earlier phases of the

Frontal and lateral views are most affected by

distortion artifacts (along the z axis), whereas

axial views in craniocaudal or caudocraniat di-

rection are not influenced (Fig 1 5). However,

partial volume averaging leads to reduction in

contrast of small vessels even on axial views if
larger coltimations are used (Fig 1 1).

In conclusion, one should select the smallest

possible effective section thickness at a given

table feed (in general, pitch � 1 .5), use smooth-

ing image reconstruction, and try a craniocaud-

at view in problematic cases. However, eccen-

trically located abnormalities may be visible

only in two orthogonal planes.

. Vascular Contrast

The vascular contrast against the background

attenuation determines the vessel size in the

MIP image. For a given anatomic area, the back-

ground attenuation does not grow much with

increasing vascular enhancement, as long as pa-

renchymal organs and overlying vessels are ex-

cluded from the VOl. Under these conditions,

the diameter of a vessel depends solely on the

vascular contrast; that is, the difference in at-

tenuation between vessel and background (Fig

16).
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Figure 16. Graph illustrates that the height of the
attenuation profile of an artery depends on the maxi-
mum aortic contrast. For a given background attenu-

ation, the apparent vessel diameter decreases with

lower vascular contrast.

Figure 17. MIP image demonstrates an abdominal

aortic aneurysm after treatment with an aortic stent

prosthesis. The mural calcification outlines the

thrombosed portion of the aneurysm. Note the dif

ference in CT numbers of the aortic lumen, catcifIca-

tions (arrowheads), nitinol stent, and platinum mark-

ers (arrows). Thrombus and wait calcifications can

be directly visualized in large aneurysms if a narrow

VOl (anteroposterior width less than the diameter of

the aneurysm) is used. In this case, an accessory re-
nal artery on the right side had been sacrificed. The
resulting hypoperfusion of the lower pole of the kid-

ney is seen.

Vessel contrast depends on the parameters

used for injecting the contrast material; vascular

enhancement increases with flow rate and con-

centration of the contrast medium. However,

vascular enhancement depends even more

greatly on cardiac output and the resulting dilu-

tion effects: A high output (such as occurs in

young or anxious patients) reduces vascular en-

hancement, whereas a low cardiac output

(such as occurs in older patients or those with

left-sided heart failure) increases the enhance-

ment.

Vessel contrast on MIP images also depends

on partial volume averaging effects. Partial vol-

ume averaging most strongly affects small yes-

sets that run parallel to the scan plane (Figs 1 1,

1 2). As a result, vessel contrast may be mark-

edty reduced if the chosen effective section

thickness considerably increases the vessel size.

In cases in which the vessel of interest wilt

be subject to strong partial volume averaging

(such as accessory renal arteries in MIP images

of the abdominal aorta), one must attempt to

achieve the highest possible vascular contrast.

For MIP images of the neck, chest, pelvis, and

extremities, vascular contrast is less critical.

. Calcffications

Calcifications and metal stents, clips, or mark-

ers have higher CT numbers than do vessels

and therefore appear as bright spots on MIP im-

ages. Thus, MIP provides valuable information
about the presence and distribution of vascular

calcifications and the position of vascular stents

(Fig 17) (3). However, small calcifications may

not be seen if their CT number is in the range

of the opacified vascular lumen, especially if

large section thicknesses are used.

Vessel wall calcifications can obscure infor-

mation about the vascular lumen if they are su-

perimposed on the vessels (Fig 8). Changing

the viewing direction (eg, using a caudocranial

view) may help. In addition, partial volume
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Figure 19 (a) Lateral MIP image shows the proximal portion of the celiac artery and the superior mesenteric
artery. Note the stenosis of the celiac artery (arrow) (the patient had an abdominal aortic aneurysm). (b) Corre-

sponding axial section demonstrates how a narrow sagittat VOl can exclude the overlying parenchymal organs

(kidneys, liver, spleen) without further editing.

averaging of calcification and vessel lumen may

lead to overestimation of the size of calcified

plaques. Frequently, the true width of the lu-

men cannot be reliably evaluated.

In conclusion, calcifications are easy to de-

tect on MIP images, but they may compromise
evaluation of the arterial lumen.

U DATA EDITING
Various editing procedures are available to re-

move bones or other disturbing structures from

the VOl. This process is catted image segmenta-

tion. Editing procedures for MIP are usually

used to exclude unwanted structures from the

Vol (“negative editing”) and typically are less

time-consuming than actively including only

vessels of interest in the VOl (“positive edit-

ing”), as is done for SSD ( 1 5). Image segmenta-

tion may be complex and time-consuming.

Therefore, it is important to know how to use

editing procedures effectively and when editing

can be avoided altogether.

. Simpilfications

In some situations, it is not necessary to per-

form true data editing to obtain MIP images of

diagnostic quality; other simpler adjustments

Figure 18. Caudocranial MIP image that has been
tilted 10#{176}toward the z axis demonstrates occlusive

disease of the cetiac artery and superior mesenteric

artery. No editing is required because skeletal struc-

tures do not disturb evaluation of the image.

may be sufficient. For example, in abdominal

MIP images (eg, of the renal artery orifices or

celiac vessels), a caudocranial projection that is

slightly tilted depending on the curvature of the

spinal column may be diagnostic (Fig 18) if the

width of the VOl is small enough (thin-slab

MIP). Use of a narrow, rectangular VOl may suf-

fice for demonstrating the central pulmonary
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vessels in an anteroposterior projection or the

visceral arteries in a lateral projection (Fig 19).

. Basic Editing

There are two main editing procedures for re-
moving bones or other unwanted structures

from the MIP images: region-growing algo-
rithms and cutting functions. The first step in

using a region-growing algorithm is to choose

an appropriate range of CT numbers (ie, the

threshold range) to include the structures to be

removed. To remove bones, one would use a

range of 100-3,000 HU. Next, a “seed point” is

placed in each bone structure (Fig 20a), and a
region-growing algorithm is employed to tag

and remove all voxels that are connected with

Figure 20. Images illustrate the results of using 2D
region-growing algorithms to remove bone from the

display. (a, b) On an axial image, a suitable threshold

range is determined and seed points (*) are placed

within the bones. All pixels that lie within the thresh-

old range and are connected to the seed points are
then detected and removed, as shown in b. (c) Axial
image after bone removal with too high of a threshold

retains bone contours (arrowheads) that will lead to
ghost artifacts on MIP images.

the seed and that have CT numbers within the

threshold range (Fig 20b). The threshold must

be set low enough (just a little higher than the

background, but well below the contrast of the

smallest vessel) to ensure that faint bone con-

tours are also removed and do not appear as

ghost artifacts in the final MIP image (Fig 20c).

For speed of handling, 3D region-growing algo-

rithms are superior to 2D section-by-section re-

gion-growing algorithms. The 3D region-grow-

ing algorithms may be helpful for producing

MIP images of the neck, abdomen, and pelvis.

For pure region-growing algorithms to work

successfully, there must not be any connection

between bone and vessel within the chosen

threshold range. Otherwise, the seeding proce-

dure will lead to an overflow into structures

that were not intended to be tagged. In these

cases, cutting or other separation functions

must be employed locally to separate wanted

from unwanted objects.
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Figure 21. (a) Lateral MIP image shows the subdivision of the data volume into multiple slabs, a procedure
conducted with slab editors. (b) Caudocranial MIP image of each slab is then used to cut out unwanted struc-

tures simultaneously from alt transaxial images in the stab.

Figure 22 (a, b) Anteroposterior MIP images for-
matted with standard algorithms (a) and with an algo-

rithm to remove the renal parenchyma (b) demon-

strate renal artery stenosis. (C) Representative trans-

axial image shows the corresponding VOl for the
algorithm used in b. By removing most of the renal pa-

renchyma, smaller renal artery branches at the renal

hilum can be seen in b.

Morphologic algorithms, such as erosion or

dilation functions, can occasionally be used to

separate bone from vessels of interest. In areas
in which there is close contact between bones

and vessels, the contact zone may be opened
by removing the superficial voxel layer (erosion

operators). The bones are then marked by using

the seeding and region-growing algorithms and

are subsequently processed by adding one
voxel layer (dilation operators). In some cases

(eg, images of the skull base, neck, or abdo-

men), this procedure yields reasonable results.

Cutting functions, which allow for interac-

lively cutting away disturbing structures (usu-

ally bone), are generally easier to handle. Cut-

ting can be done by placing appropriate regions
of interest on each transaxial image and modify-

ing these regions as one goes through the com-

plete stack of transaxial images. More conve-

nient techniques include the use of slab editors

(Fig 2 1) or 3D editors that allow for simutta-

neous processing of a stack of images.



Figure 23. Standard MIP (a) and selective MIP (b) images show occlusion of the celiac artery and superior

mesenteric artery (same case as in Fig 18). The selective image, in which the aorta and kidneys have been re-

moved, more clearly demonstrates the collateral pathway (arrows) and the capsular artery (arrowheads).
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Figure 24. MIP image of a patient with an aortic

aneurysm demonstrates a pulsation artifact that

simulates renal artery stenosis (arrows).

S Advanced Editing

In some cases, it can be advantageous to re-

move structures other than bone to achieve a

superior display of the vessel of interest. For ex-

ample, in MIP images of the kidney, removal of

overlying contrast-enhanced renal parenchyma

leads to better visualization of intrarenat arterial

branches (Fig 22). Similarly, removal of the

aorta will yield an excellent overview of mesen-

teric or hepatic vessels in an anteroposterior

projection (Fig 23). The resulting image is simi-

lar to that achieved by selective intraarterial an-

giography.

In summary, for selective imaging tasks, the

complexity of the editing procedures can be

markedly reduced. However, the more com-

plex the imaging task is, the more complex the

editing procedure must be. As the use of CT an-

giography becomes more widespread, semi-

automated techniques for complex editing

tasks will need to be developed.

U CT ANGIOGRAPHY-RELATED ARTI-

FACTS AND PITFALLS

. Pulsation Artifacts
Vessel pulsation leads to undulating contours

(eg, in the ascending aorta or aortic arch) or

fine serration (eg, in the renal arteries), depend-

ing on table speed and pulse frequency. Putsa-

tile movements of renal arteries can simulate or

obscure stenoses (Fig 24), although pulsation

artifacts are in general easy to detect. Image re-

construction with a 360#{176}interpolation algo-

rithm rather than a 180#{176}interpolation algorithm

reduces the artifact (Fig 25) because data are

averaged over a larger time interval (two rota-

tions instead of slightly more than one rota-

tion).
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Figure 25. (a) MIP image format-
ted with 180#{176}interpolation demon-

strates pulsation artifacts in a patient

with a kidney transplant and renal ar-

tery stenosis. (b) MIP image obtained
after spiral CT raw data are recon-

structed with 360#{176}interpolation

shows reduction of the artifact.

. Respiratory Motion Artifacts

Large vessels that run perpendicular to the scan

plane, such as the thoracic or abdominal aorta,

are hardly affected by artifacts caused by respi-

ratory motion. However, small vessels that run

obliquely through the scan plane, such as at-

most all smaller abdominal side branches, are

very vulnerable to such breathing effects. To re-

duce the frequency of respiratory motion arti-

facts, it is mandatory to instruct patients care-

fully in proper breath holding.

Artifacts caused by insufficient breath hold-

ing may be hard to distinguish from real dis-

ease. Breathing-related vessel movements may

simulate stenoses or aneurysms (Fig 26) or may

obscure abnormalities. Careful observation of

organ and skin contours and comparison of the

vessel of interest with other vessels at the same

scan level or on the contralateral side are help-

fut for detecting motion artifacts. Use of caudo-

cranial views may further help reduce the possi-

bility that such artifacts are mistaken for dis-

ease.

. Other Pitfalls
Patient motion often leads to steplike artifacts

and major discontinuities in vascular structures.

Fortunately, these artifacts are rare and easy to

distinguish from vascular abnormalities.

Because information about CT numbers is re-

tamed, MIP is very sensitive to inhomogeneous

intravascular contrast: Small vessels that are not

yet fully enhanced may not be displayed. In

general, however, contrast inhomogeneities are

rarely mistaken for vascular disease.

U SUMMARY AND CONCLUSIONS

MIP is used to create angiography-like images

from spiral CT data sets and is therefore an im-

portant and popular display toot in CT angiogra-

phy (3-5, 16- 18). MIP images are not threshold

dependent and preserve information about dif-

ferences in attenuation. Thus, they often yield

acceptable results even in cases in which SSD

images fail because of threshold problems (4,5).

MIP images are particularly useful for depicting

small vessels. if anatomic structures are super-
imposed over the vessel of interest (eg, the re-

nat veins may be superimposed over the renal

artery), the MIP technique is often able to pro-

vide images of diagnostic quality as tong as the

contrast of the vessel of interest is sufficiently

high compared with the surrounding struc-

tures. Preservation of attenuation information

allows for discrimination between calcified and

noncalcified vessel portions (3). MIP images

therefore are an ideal display medium to dem-

onstrate preoperatively calcified vessel walls for
planning the site of anastomosis for bypass sur-

gery (16).

On the other hand, MIP is a rather simple

projection technique that does not allow for dif-

ferentiation between foreground and back-

ground. A particular pixel in an MIP image may

arise from any voxel along the projection ray. if

two vessels are superimposed, the vessel with

the higher CT number is displayed. In most CT

angiographic applications, however, alt major

arteries at the same scan level have an identical

CT number. Thus, the MIP image will show

only the silhouette of the combined vascular

structures. MIP images are therefore best suited

to display relatively simple anatomic situations
in which superimposition of structures does

not occur, such as the abdominal aorta or pet-
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Figure 26. MIP image shows respi-
ratory motion artifacts that simulate
a renal artery aneurysm (arrows).
Note the deformations of the con-

tours of the kidneys, which indicate
continued breathing artifacts (arrow-
heads).

vic arteries (4, 16, 19). MIP images do not allow

visualization of vessel portions that are oh-

scured by calcified plaque (20). Intraluminal ab-

normalities will not be demonstrated if con-

trasted portions of the vesset lumen are super-

imposed. Thus, evaluation of thrombi, emboli,

or dissections is difficult with MIP (Figs 5, 6).

Even if overlapping image reconstruction is

performed, the effective section thickness in

CT angiography limits the spatial resolution

along the patient axis (z axis). Thus, spatial

resolution in anteroposterior MIP images (or

any other projection angle perpendicular to the

z axis) is limited by the effective section thick-

ness. The attenuation profile (ie, the vessel pro-

file) and the contrast of small vascular struc-

tures are strongly influenced by the vessel

course relative to the scan plane: Because of

partiat volume averaging effects, the contrast of

vessels that run parallel to the scan plane is re-

duced and the vessel profile is widened (Fig

1 2), whereas the contrast and attenuation pro-

file of vessels that run perpendicular to the scan

plane are not influenced.

The anatomic background plays an impor-

tant role in MIP images because background at-

tenuation varies depending on the size of the

Vol to be displayed. The higher the back-

ground attenuation, the smaller the contrast of

a vascular structure in the resulting MIP image

(Fig 7). In addition, higher background attenua-

tion leads to a decrease in vessel diameter, may

lead to an overestimation of stenoses, and may

even simulate occlusions (Figs 8- 10) (2 1). As a

consequence, taking diameter measurements

on MIP images should be avoided. Background

attenuation increases with growing image noise

but more so if contrast-enhanced structures are

included in the VOl (Fig 7). Therefore, the VOl

should be chosen as narrow as possible, and all

objects with high CT numbers should be ex-

cluded to obtain optimal results (Figs 8, 22, 23).

Two main types of editing procedures for

MIP can be distinguished: cutting functions, in

which cut lines are used to separate the VOl

from its surroundings, and region-growing pro-

cedures, in which connectivity algorithms are

used to detect and exclude structures such as

bones from the VOl. Cutting functions are

easier to handle and allow for separation of ar-

eas in cases in which region-growing algorithms

fail (ie, if bones and vessels touch or have simi-

lar CT numbers). A convenient way to simplify

basic editing procedures includes slab editing,

in which the cut tine is not adjusted on each

single image but in which the data volume is

subdivided into appropriate stacks and the cut

lines are adjusted only for each stack. In this

way, the number of interactions can be dramati-

cally reduced (eg, from some 1 20 images to

about 10 slabs for CT angiography of the ab-

dominal aorta).

In areas in which there is close proximity of

bones and vessels, such as the skull base, 2D re-

gion-growing algorithms are more precise.

When there is no direct contact between bones

and arteries (eg, carotid arteries), 3D region-

growing algorithms are more effective for re-

moving skeletal structures. In the chest or ab-

domen, however, small lumbar or intercostal ar-

teries usually provide a “connection” between

bones and vessels; thus, 3D region-growing at-

gorithms are effective only when used with

other procedures. These might include erosion

or dilation operators, which provide a separa-

tion between adherent bones and vessels. Here,

however, no fmal conclusions about the practi-

cat usefulness are possible yet.

Segmentation requires between 5 minutes
(renal arteries) and 45 minutes (chest), depend-

ing on the complexity of the anatomic region,
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the computer power, and the available soft-

ware. In general, there is a trend toward using

semiautomated segmentation algorithms (22)

because time requirements are still cumber-

some. Time-consuming segmentation may be

avoided in certain cases. For example, thin-stab

MIP images in caudocranial projection (8) are

useful for depicting the orifices of the abdomi-

nal aortic side branches (Figs 17, 18). Similarly,

it may be helpful to use narrow VOIs for laterat

MIP images of the carotid arteries or the ab-

dominal arteries (celiac artery, superior mesen-

teric artery, inferior mesenteric artery) (Fig 19)

O1� for anteroposterior MIP images of the putmo-

nary vessels. We propose use of advanced edit-

ing to exclude the aorta and to allow for selec-

tive display of branching vessels, such as the ce-

liac artery and its branches (Fig 23). Also, by

excluding contrast-enhancing renal cortex,
small hilar renal branches may become visible

on MIP images (Fig 22).

When compared with SSD, MIP is superior

for demonstrating small vessels in cases in

which threshold problems might occur (high

image noise, low contrast). However, SSD is su-

perior to MIP in cases in which the vessels are

superimposed on each other or other struc-

tures; the more complex the anatomic situa-

tion, the better it is to use SSD (2,23). How-

ever, full diagnostic information is present only

in the original cross-sectional data set that may

be viewed as primary axial images or as multi-

planar reconstructed images (5,9). Thus, MIP

and SSI) are display techniques that provide an

overview of the anatomic situation. The cross-

sectional data set should remain the basis for di-

agnosis. A rational use of MIP images for various

diagnostic applications can be summarized as

follows.

I . Head (circle of Willis). If only the circle of

Willis (including only a small intracranial por-

tiofl Of the carotid arteries) is to be displayed,

the skull base can be excluded from the data

volume (24). In this case, editing of bones is

simple and can be performed most easily by us-

ing 3D region-growing algorithms or, with

slightly more effort, by using a slab editor.

However, if more of the intraosseous portion of

the carotid arteries are to be included, the MIP

images require extensive and difficult data edit-

ing. tJsualty, the combination 2D region-grow-

ing and erosion and dilation algorithms is sue-

cessful. A sufficiently low threshold must be

chosen to avoid ghost artifacts of bone con-

tours.

2. Carotid arteries. MIP can be used to dis-

play the carotid arteries. Attention must be paid

to calcifIed plaques that obscure the vascular
lumen on MIP images (20,25). The display mo-

dalities of choice are thin-slab MIP (parallel to

the carotid bifurcation) and multiplanar refor-

mation. The jugular veins enhance early after

administration of contrast material; therefore,

precise timing of the contrast material bolus

(botus triggering, test bolus) is needed to faciti-

tate subsequent data editing. Editing can often
be simplified by using 3D region-growing algo-

rithms.

3. Thoracic aorta. MIP is not the method of

choice for displaying aortic or pulmonary artery

disease; SSD is the clearly superior mode for dis-

playing the thoracic aorta. The work-up of put-

monary embolism and aortic dissection requires

the use of axial images (26). MIP images are too

unreliable for the detection of nonoccluding

thrombi or intimal flaps. Data editing is time-

consuming and cumbersome: for depicting the

thoracic aorta, pulmonary vessels must be re-
moved; for visualization of the pulmonary arter-

ies, the chest wall, the heart, and, for lateral or

oblique views, the contralaterat hemithorax

must be excluded.

4. Abdominal aorta. MIP is well suited for dis-

play of abdominal aortic aneurysms (4,16-19).

Use of sliding thin-slab MIP images is the most

efficient way to visualize the relationship be-

tween renal arteries and aortic aneurysms.

However, one must choose a compromise be-

tween a sufficiently large scan range and high z-

axis resolution. High vascular enhancement is

necessary to detect accessory renal arteries.

Semiautomatic editing procedures wilt be avail-

able soon (22).

5. Renal, hepatic, and mesenteric arteries.

MIP is the display mode of choice for the renal

(5,21) and mesenteric arteries. Hepatic arteries

are best evaluated by using sliding thin-slab

MIP. Precisely timed scans in an early arterial

phase are required to avoid disturbing enhance-

ment of veins (eg, renal, portal, or mesenteric

veins). Because the accessory vessels are small,

the highest possible z-axis resolution is neces-

sary (12). The anteroposterior MIP images are

susceptible to respiratory motion artifacts. Lat-

eral MIP images are helpful for demonstrating

the proximal portions of the celiac and mesen-

teric arteries. Full display of hepatic and mesen-

teric vessels requires data editing with removal

of the aorta.

In summary, MIP images can be used most

advantageously for depicting the abdomen. As

with all 3D techniques, MIP reduces a 3D data

volume to a two-dimensional image; thus, there

is an inevitable loss of information that may
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lead to misinterpretation. For this reason, MIP

should not be used as the only evaluation tech-

nique. MIP images should always be interpreted

together with the original transaxial data set.

Knowledge of display properties and arti-

facts is necessary for correct interpretation of

MIP images. Knowledge of these properties

helps one to create MIP images of optimal qual-

ity, to choose appropriate examination param-

eters, and to distinguish artifacts from disease.
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