
slice thickness (<3 mm) realizes the isotropic voxel, which
is the prerequisite for sophisticated two-dimensional (2D)
and 3D postprocessing algorithms. The physician is now
enabled to interactively segment out organs or organ sys-
tems and this will help with more accurate detection of dis-
ease as well as quantification of disease volumes. On the
other hand, the number of images acquired per scan has al-
so increased considerably, making conventional image in-
terpretation slice by slice more difficult and more time-
consuming; therefore, exact and predicative postprocess-
ing applications are increasingly required [9] to speed up
the viewing process for both the radiologist and the refer-
ring physician

Work-flow issues are obviously a critical factor in the
success of a 3D applications, especially in the emergency
room. The timely performance of a CT scan will be negat-
ed if there is a time lag until the 3D images are generated.
Although many 3D studies do not require an immediate
turnaround, other applications are very time-sensitive
(e.g., suspected mesenteric ischemia or suspected aortic
dissection). In the trauma setting, 3D reformations have
been proven very useful for detecting and characterizing
spinal, pelvic, maxillofacial, and extremity fractures, as well
as for detecting acute vascular injuries with CT angiogra-
phy [10]. Even when the 3D images are not the principal di-
agnostic tool, they can increase confidence in the correct-
ness of a diagnosis and facilitate communication with sur-
geons and referring physicians [11]

This chapter focuses on the technical fundamentals 
of postprocessing techniques and on current 2D and 3D
applications with a focus on emergency room usability

1.2.2 Imaging

1.2.2.1 Postprocessing Techniques

Sectional images derived from CT are not really 2D but rep-
resent a slice of a particular volume with a certain thick-
ness; thus, the pixels visualized on CT images are called vox-
els because of their 3D nature. The main issue in visualizing
volume data is how to display 3D data as a 2D image with-

1.2.1 Introduction

Diagnostic imaging is a major support system to emer-
gency services. Available imaging methods in the emer-
gency department are conventional X-ray, ultrasound, mag-
netic resonance (MR), angiography, and computed tomog-
raphy (CT). Computed tomography is considered the most
valued tool in the diagnostic workup of trauma patients
and of patients with various nontraumatic emergencies
[1–4] and is performed in up to 67% of patients presenting
to the emergency room [5]. In emergency situations, the pa-
tient’s room time in the CT suite and the early diagnosis and
initiation of treatment have a profound influence on the pa-
tient’s outcome [6].The correct choice of scan protocols and
especially an optimized work flow are of vital importance.
Presently, the new multislice CT generations with improved
performance in speed and spatial resolution, and the use of
three-dimensional (3D) imaging, offer new possibilities for
optimal patient treatment in the emergency room

The 3D imaging of CT data sets was introduced shortly
after clinical CT scanning became a reality in the late
1970s. Early applications most frequently involved areas
with high CT attenuation, which were unlikely to be affect-
ed by patient motion or breathing, such as the bones of the
craniofacial regions and the skull. The advent of multide-
tector-row computed tomography (MDCT) in the late
1990s represented a fundamental step from a cross-sec-
tional towards a true three-dimensional imaging modality.
It created immense new opportunities but also required
changes in radiological viewing methods and data han-
dling [7, 8]. On one hand, the reduction of the collimated
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out losing too much information. Several techniques for
displaying data cubes of sectional volume data are well de-
veloped and used in the emergency department. Figure 1
shows an example of a fractured pelvis postprocessed with
the four modalities described in this chapter

Surface Rendering
Surface Rendering, also called Shaded Surface Display, was
one of the earliest methods for 3D display, and is now avail-
able in most commercially available 3D medical imaging
packages. Surface rendering is a process in which apparent
surfaces are determined within the volume of data and an
image representing the derived surfaces is displayed. In
this method thresholding is commonly used to extract the
desired object of interest from the background in an image
or data volume. Each voxel within the data set is deter-
mined to be a part of or not a part of the object of interest,
usually by comparing the voxel intensity to some threshold
value, thereby defining the “surface” of the object. The re-
mainder of the data set is then discarded [12]. Surface con-
tours are generated by approximating and connecting the
shape of interdata boundaries and typically modeled as a
number of overlapping polygons. A virtual light source is
computed for each polygon, and the object is displayed
with the resulting surface shading

Surface-rendered images have the clearest volume depth
cues of all 3D images and have the advantage of superior
speed and flexibility in image rendering, allowing real-time
rendering and thereby enhancing user interactivity. Howev-
er, the resulting image is simplified by using <10% of the
available data; therefore, possibly misleading interpreta-

tions of the displayed structures may occur, especially in
structures that do not have naturally well-differentiated
surfaces, and thus limiting the usefulness of surface-ren-
dered images. Because of these limitations, the method has
continuously been abandoned in recent years and volume
rendering has become the present method of choice [13]

Volume Rendering
Volume rendering (VR) is now increasingly being incorpo-
rated into commercially available imaging software pack-
ages. It renders the entire volume of data rather than just
surfaces, and provides transparent volumetric display
through relative shadings of brightness, opacity, and color,
and is particularly helpful for the visualization of complex
anatomy and pathology. Because of the large amounts of
information incorporated into the resulting image, power-
ful computers are necessary to perform volume rendering
at a reasonable speed

The VR takes the entire volume of data, adds the contri-
bution of each voxel along a line from the viewer’s eye
through the data set, and displays the resulting composite
for each pixel of the display. The resulting displayed value is
affected by both opacity and the value of underlying voxels;
therefore, VR does not involve a sharp distinction between
“object” and “background” but considers the influence of
partial-volume effects as well. Furthermore, volume-based
rendering allows a combined display of different aspects
such as opaque and semi-transparent surfaces, cuts, and
maximum intensity projections (MIP). Threshold values
and other parameters can be interactively changed, thus,
making it an ideal technique for interactive data exploration
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Fig. 1. A 52-year-old patient
brought to the emergency 
room after a car accident.
Four different postprocessing
techniques of pelvic fractures
of the same were performed.
Top left: multiplanar recon-
structions; top right volume
rendering; bottom left:
maximum intensity projection;
bottom right: surface rendering



MIP images are typically not displayed with surface shad-
ing or other depth cues, which can make assessment of 3D
relationships difficult. Also, volume averaging (the effect of
finite volume resolution) coupled with the MIP algorithm
commonly leads to MIP artifacts: a string of beads appear-
ance in MIP images of normal vessels passing obliquely
through a volume

1.2.2.2 Clinical Applications

The evaluation of CT studies in the emergency room
should routinely be performed on dedicated workstations,
allowing interactive viewing and viewing in “scroll-
through” or cine modes. The following algorithmic ap-
proach for a general workflow is helpful in most patients:
1. Initial viewing of the axial images in a scroll-through

mode
2. Interactive viewing in the coronal plane to complement

axial image viewing
3. In case of equivocal findings, additional sagittal,

oblique, or curved planar reconstructions may facilitate
diagnosis

4. In suspected vascular or ureteral disease, MIP are usual-
ly reconstructed in dedicated planes and slab thickness
is adapted to include the volume of interest

5. In suspected vascular, musculoskeletal or cardiac
pathology, VR images may be helpful in understanding
complex pathology and for reporting the results to clin-
ical colleagues

6. Finally, all diagnoses should again be verified on axial
images to avoid false-positive findings, because all post-
processing techniques have the potential hazard of
losing valuable information

Vascular Emergency
In vascular imaging MIP and VR of image data from 
MDCT angiograghy can enable visualization that is equal
or superior to that obtained with catheter angiography [3]
and at the same time accelerates the work flow in the emer-
gency department [15]. In CT angiography MPR are used
to define the longitudinal extent of pathology and measure
vascular diameters truly perpendicular to the course of the
vessel. The MPR along with axial images are preferable in
the diagnosis of carotid artery disease because overlying
calcified plaque does not disturb the evaluation of the ves-
sels [6]

In the diagnosis of active bleeding 3D imaging is also
very helpful [16, 17]. The MIP images clearly depict ex-
travasation of contrast material and are thereby useful in
the confirmation of active bleeding (Fig. 2), but the lesion
and neighboring organs often are not visible because of
low attenuation [3]. The VR enables simultaneous the lo-
calization of the source of blood flow and the visualization
of adjacent anatomic structures on the same image

The VR is presently the most important 3D postprocess-
ing algorithm with constantly increasing clinical indica-
tions. The main disadvantage is the large calculation effort
that makes the procedure cumbersome to run on normal
workstations

Multiplanar Reconstructions
The new generations of MDCT scanners acquire high-res-
olution data with nearly isotropic voxels, allowing multi-
planar reconstructions (MPR) in any arbitrary plane inter-
actively determined by the viewer. Generally, MPR are
helpful whenever pathology cannot be accurately assessed
on axial images alone, mostly when pathological interfaces
are orientated parallel to the axial plane or when structures
cannot be displayed in their entirety when they run
through a number of slices

The MPR are most important in skeletal CT and in 
CT angiography and should additionally be employed
whenever the radiologist expects additional informa-
tion. In the emergency room coronal MPR with a thick-
ness of approximately 500 mm provide an image quality
and diagnostic accuracy which is comparable to that of
a conventional bedside chest radiography or to that of
a portable pelvis film. These reconstructions could serve 
as an equivalent baseline image in trauma patients in
whom the initial conventional radiograph is omitted be-
cause the emergency radiological evaluation has to be ac-
celerated

Maximum Intensity Projection
Maximum intensity projection (MIP) is widely available in
commercial 3D software packages and is particularly use-
ful in creating angiography-like images and urography-like
displays from CT data [14]. The MIP algorithm evaluates
each voxel along a line from the viewer’s eye through the
volume of data and selects the maximum voxel attenuation
value as the value of the corresponding display pixel. This
implies that the resulting MIP image is a 2D projection im-
age. A 3D impression, which is not generated intentionally
in the MIP procedure, can be deceptive. To accentuate the
spatial relationships a series of MIP images can be generat-
ed by incrementing the viewing direction in small steps
and viewing these images in a cine loop; the latter, however,
is rarely necessary in clinical routine work

The MIP has a number of limitations and shortcomings
that must be taken into account to properly interpret the
images. The displayed pixel intensity only represents the
material with the highest attenuation along the projected
ray. High-intensity sructures, such as vessel-wall calcifica-
tion, will obscure information from intravascular contrast
material. Selection of the highest pixel value also increases
the background mean of the image, particularly in enhanc-
ing structures such as the kidney and liver, thereby de-
creasing the visibility of vessels in these structures. The
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Among others, volume rendering of MDCT data en-
hances diagnosis and planning of subsequent procedures
for pulmonary vessels, aortic dissection, and aneurysms,
as well as cerebral aneurysms, vascular anomalies, renal
artery stenosis, and peripheral artery disease. The VR is
superior to shaded-surface display of vessels, because there
is no need for threshold segmentation to exclude disturb-
ing surrounding tissues, which could result in incomplete
visualization of vessels and consecutive misinterpretation
of pathologies

Aortic Dissection
In the assessment of aortic dissection the following CT in-
formation is essential: (a) confirmation of diagnosis; (b)
localization of the dissection; (c) extent of dissection; (d)
classification of dissection; and (d) involvement of any
branch [18]. One also needs to be aware of the pitfalls that
may mimic aortic dissection; these include streak artifacts
generated by high-attenuation contrast material in adja-
cent veins, and aortic wall motion as well as aortic arch
branches, mediastinal veins, pericardial recess, thymus, at-
electasis, pleural thickening, or effusions adjacent to the
aorta [19]

With 3D imaging the correct diagnosis and the mea-
surement of the extent of aortic dissection can be facilitat-
ed (Fig. 3). The MPR images provide a better display of the
complexity of aortic dissection and often demonstrate the
location of an intimal tear and the anatomical relationships
between the flap and the adjacent great vessels. Curved
planar reformations are particularly useful in assessing
stenosis in the aortic branches and in displaying the rela-
tionships of mural atheroma, thrombus, intimal flaps, and
dissection into branching vessels [20]

Aortic Aneurysm
The MPR images provide additional advantages in assess-
ment of aneurysms, compared with the use of axial images
alone. Due to the tortuosity and curvature of the thoracic
aorta, the size of an aneurysm is most accurately measured
when the reconstruction images are generated perpendic-
ular to the aortic flow lumen. The accurate sizing is espe-
cially important in the planning for endoluminal prosthe-
ses [21], and in their follow-up [22]
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Fig. 2. A 72-year-old man with
acutely ruptured abdominal
aortic aneurysm. Active bleed-
ing is demonstrated both on 
axial and coronal images 
(arrows). The extent of the
aneurysm is preferably eva-
luated on coronal multiplanar
reconstructions



PE, as well as normal pulmonary vasculature, can be visu-
alized in a comprehensive manner by means of 3D recon-
structions (Fig. 4). A 3D display may also aiddiagnosis in
some instances. At a subsegmental level, for example, the
diagnostic benefit of radial MPR in the diagnosis of throm-
boembolism could be shown [26]. Furthermore, 3D imag-
ing helps to prevent diagnostic pitfalls,allowing, for exam-
ple, correct interpretation of hilar lymphatictissue adjacent
to central pulmonary arteries [27]. There are indications
that focal lung disease can be diagnosedaccurately by using
MIP reconstructions that beneficially “condense” large-vol-
ume multidetector-row CT data sets [28]. The development
of dedicated algorithms for computer-aided detectionmay
be helpful in the future for identification of pulmonaryem-
boli in large-volume multidetector row CT data sets [29]

Coronary Artery Disease
Acute coronary syndromes (ACS) can be caused by myo-
cardial infarction or unstable angina, which is diagnosed
based on ECG findings and biomarkers. Patients with myo-
cardial infarction preferably undergo conventional coro-
nary angiography and no further imaging work-up is
required in the emergency room. Patients with unstable

Aortic Rupture
Rupture of an aortic aneurysm (Fig. 2) is one of the most
urgent vascular conditions and requires rapid interven-
tion. Most patients who reach the hospital alive are suffi-
ciently stable to undergo CT and consideration of endovas-
cular aneurysm repair [23]. The diagnosis may be made on
the basis of axial images, but most of the measurements re-
quired for determination of the optimal dimension and
type of aortic stent-graft require 3D reconstructions [3]

The CT is an effective screening tool for aortic injury in
that CT can help reduce the need for transcatheter aorto-
graphy. Through MPR as well as 3D reconstructions, possi-
ble involvement of the aortic main branches and their
relationship to primary lesions are easily detected. Sagittal
reconstruction images from helical scans result in an
aortogram that is generally adequate for surgical planning
[24] and for depicting aortic lacerations longer than
15 mm [25]

Pulmonary Embolism
The diagnosis of pulmonary embolism (PE) is usuallymost
beneficially established on the basis of individual trans-
versesections, although extensive or isolated findings of
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Fig. 3. A 65-year-old man 
with acute abdominal aortic
dissection. Typical diagnostic
findings are demonstrated on
axial images. The extent of the
aneurysm can be evaluated 
on volume-rendered (VR) 
reconstructions



angina are hospitalized with conservative treatment or
conventional coronary angiography is performed in cases
of objective evidence of myocardial ischemia and in ap-
proximately 2% of the cases, they are in appropriately
discharged home [30]. Although conventional coronary
angiography has a low morbidity of 1–2% and mortality of
0.1% [31], it is a relatively expensive technique, is inconve-
nient for patients, and in most cases conventional coronary
angiography remains a diagnostic procedure with no inter-
vention being performed [32]. A 64-slice CT has demon-
strated the ability to detect coronary artery stenoses with
high accuracy and a negative predictive value of 99% [33].
In the future 64-slice CT should be the method of choice to
rule out coronary artery disease (CAD) in patients with a
low likelihood of CAD in the emergency department to
reduce morbidity and lower costs [34]

For the evaluation of coronary arteries axial planes and
MPR are used. The most useful planes are, firstly, a plane
parallel to the atrioventricular groove allowing a longitudi-
nal visualization of the right coronary artery and the left
circumflex coronary artery, and secondly, a plane parallel
to the interventricular groove allowing a visualization of
the left anterior descending coronary artery. Additional
orthogonal views of the coronary vessels allow a better
evaluation of stenosis

Curved MPR and VR (Fig. 5) is performed to provide an
overview of the coronary anatomy and to demonstrate
findings, but it should not be used for the assessment of
stenotic lesions

Abdominal Emergency
Gallstones
Dislocation of gallstones in the biliary duct may lead to bil-
iary colic. The most reliable CT finding is the depiction of
the stone within the biliary duct. The MPR facilitates the
detection of small calculi in the biliary system, often lead-
ing to distal common bile duct obstruction [35, 36]

Appendicitis
Although the preoperative diagnosis of acute appendicitis
can be established on the basis of clinical findings, the
symptoms of appendicitis may be atypical and mimic
other gastrointestinal or genitourinary conditions. When
MDCT is performed in the emergency room, multiplanar
viewing provides improved appendiceal visualization and
enhances confidence as to the presence or absence of acute
appendicitis [37]. Coronal reformations are especially
useful for visualizing the appendix in an unusual location
and also help guide surgical planning (Fig. 6)

Diverticulitis
For the diagnosis of diverticulitis, CT is the imaging tech-
nique of choice for depicting complications, including
walled-off perforation, intraperitoneal perforation, fistu-
lae, and bowel obstruction [38]. Coronal reformations may
provide improved differentiation between normal and
abnormal bowel walls. The use of near-isotropic volumes
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Fig. 4. A 77-year-old woman with shortness of breath after
2 weeks of treatment of pulmonary infection. Coronal maximum
intensity projection (MIP) reconstructions show a large thrombus
in the right pulmonary artery

Fig. 5. A 60-year old man presents with first-time onset of chest
pain after exercise. The VR reveals a significant stenosis of the
proximal segment of the left anterior descending artery



determination of the transition point from dilated to nondi-
lated bowel can be difficult on axial slices alone [42, 43]. Post-
processing may enhance detection of the site of obstruction,
diagnosis of adhesions, and analysis of the relationship be-
tween normal and abnormal bowel wall (Fig. 7) [44]

Ischemic Bowel Disease
Computed tomography has been shown to be very useful
for the diagnosis of bowel ischemia [45]. By evaluating 
the mesenteric vasculature, CT may sometimes be able to
detect the underlying cause, such as atherosclerotic
plaques, thrombus or occlusion. Evaluation of axial images
and multiplanar display are usually sufficient for detecting
alterations of the bowel wall and the main mesenteric ves-
sels, whereas VR images have the advantage of demonstrat-
ing mesenteric vessels, from their origin to distal branches,
on a single projection [46]

Ureteral Stone Disease
Helical CT has been found to be more sensitive than excre-
tory urography to plan treatment of patients with flank
pain caused by obstructing ureteral stones [47]. The use of

results in reconstructions of imaging planes optimized to
the bowel segment in question, or, when curved recon-
structions are used, fistulae can be delineated in their en-
tire course. Additional benefits of CT include the guidance
of therapeutic intervention in complicated forms of diver-
ticular disease [39] and the provision of an alternative
diagnosis in patients without diverticulitis

Inflammatory Bowel Disease
The diagnostic value of CT is based on the excellent visual-
ization and documentation of extent and severity of bowel
wall inflammation and the diagnosis of extra-intestinal
complications. Because there is considerable overlap in the
CT findings of ulcerative colitis and Crohn’s disease, the
use of MPR significantly improves observer confidence in
image interpretation, even if additional abnormalities are
not revealed [40]

Bowel Obstruction
Computed tomography is increasingly used to identify the
site, severity, and underlying cause of obstruction, and to de-
termine the presence of complications [41]. Especially, the
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Fig. 6. A 30-year-old man presents with fever, elevated white blood
cell count, and acute abdominal pain in the right lower quadrant.
Coronal MPR depict an dilated appendix in a retro-ileal position,
with circumferential mural enhancement, peri-appendiceal fat
stranding, extra-luminal gas, and a small calcified appendicolith in
the appendiceal apex (arrow)

Fig. 7. A 56-year-old man presents with chronical obstipation and
acute abdominal pain. Plain radiography did not provide sufficient
information, so a multidetector-row CT (MDCT) examination was
performed, showing distended small bowel loops measuring up to
4.2 cm in diameter.As the level of obstruction was difficult to iden-
tify on axial images alone, 3D imaging was used to accurately visu-
alize the site of transition and the underlying pathology. Open ab-
dominal surgery revealed a small bowel adenocarcinoma



oblique–coronal reconstructions is more effective for pre-
cise stone localization and measurement than axial slices
[48]. The use of curved reformations provides unequivocal
images focused on the ureteral stone. The VR facilitates
anatomic orientation (Fig. 8)

Acute Pancreatitis
Computed tomography is the imaging modality of choice
in classifying pancreatitis and in detecting complications
such as pseudoaneurysms, porto-mesenteric venous occlu-
sion, pseudocysts, or abscess. Curved planar reformations
are useful in displaying the whole tortuous pancreas,
tracing the cholangiopancreatic duct and peri-pancreatic
vessels, and highlighting the relationship of lesions with
surrounding anatomic structures [49]

Musculoskeletal and Soft Tissue Emergency
When a CT of the abdomen or chest is initially scheduled
in the emergency room, coronal and sagittal CT recon-
structions of the pelvis, the thoracic or lumbar spine, and
the chest accelerate the image work-up and decrease the
radiation dose for the patient, when the plain films to

screen the lung, the spine, and the pelvis (Fig. 9) in a multi-
ple trauma patient are omitted. Additionally, reconstruc-
tions of the thoracic and lumbar have been shown to be
significantly superior in diagnostic accuracy as compared
with plain films in detecting spine fractures [50]

Musculoskeletal Emergency
In trauma imaging MPR are performed on a routine basis
along with axial images, because they convey additional
information about the course of a fracture or the extent of
deformities. They allow precise quantification of the dis-
placement of the fragments, but they do not display a glob-
al comprehensible view of the lesions. The VR clearly
demonstrates complex injuries and complicated spatial in-
formation about the relative positions of fracture frag-
ments. Subtle fractures, particularly those oriented in the
axial plane, are better seen on VR images. Particularly in
areas with highly complex anatomy, such as the face, the
pelvis, or the calcaneus, or in patients with complex frac-
tures, 3D reformations have been proven very useful for
detecting and characterizing spinal [51, 52], pelvic [53, 54],
maxillofacial (Fig. 10) [55, 56], chest [57], and extremity
(Fig. 11) [58, 59] fractures
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Fig. 8. A 65-year-old man with
abdominal pain and a status 
after nephrectomy on the right.
Uretal stone disease was ruled
out with MDCT. Thick MPR 
allow image quality similar to
excretory urographs (top left).
Volume rendering facilitates
anatomic orientation
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Fig. 9. A 71-year-old man
brought to the emergency room
after a fall. Volume-rendered
images show a depressed skull
fracture

Fig. 10. A 23-year-old man
brought to the emergency room
after a motorbike accident.
Volume-rendered images show
a comminuated fracture of the
scapula, involving the acromion



The use of intravenously administered contrast materi-
al allows simultaneous evaluation of osseous and vascular
structures within the affected area (Fig. 12)

Soft Tissue Emergency
Manyemergency CT examinations are performed for 
the evaluation of suspectedabscesses, masses, sialadenitis,
and upper-airway trauma [1]. Coronal and sagittal MPR

adapted to the anatomic situation are particularly help-
ful for demonstrating the craniocaudal extent of acute
pathology [60]. The 3D airway models, for example,
appear as “casts” of the airway and provide information
similar to that of laryngograms and tracheobroncho-
grams [61], and these models can be rotated and ima-
ged from various perspectives to show the extent of
acute abnormality that impinges on or affects the upper
airway
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Fig. 11. a A 30-year-old man
brought to the emergency room
after a fall from great height.
A CT angiography was per-
formed. Volume-rendered 
images show a comminuated
fracture of the tibia with dis-
located fragments and their 
relationship to the arteries.
b The subtraction of the bones
from the volume-rendered 
images facilitates the evaluation
of the arteries
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