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Science, medicine, and the future

Virtual colonoscopy

Steve Halligan, Helen M Fenlon

Virtual colonoscopy is a new procedure that fuses
computed tomography of the large bowel with
advanced techniques for rendering three dimensional
images to produce views of the colonic mucosa similar
to those obtained during “real” colonoscopy. Prelimi>
nary results suggest that it surpasses barium enema
and approaches the sensitivity of conventional
colonoscopy. This review summarises the technical
developments that have made virtual colonoscopy
possible and describes the expected advantages of this
exciting technique over conventional endoscopy and
more traditional imaging methods. We describe its
possible applications and outline further technical
developments that can be expected in the near future.

Background

In 1994 the Royal Mail issued a series of four stamps
celebrating major medical advances of the 20th
century; three of these were radiological (ultrasound
scanning, computed tomography, and magnetic
resonance imaging). Radiology is a technology based
discipline and is one of the most rapidly developing
medical specialties, not least because advances in com>»
puter technology are almost instantly incorporated
into the various imaging modalities. Image acquisition
and display are constantly improving, and image
processing that required until recently a dedicated
workstation is now possible with a personal computer.
The possibilities for diagnostic imaging that are
available today would have been unimaginable only 30
years ago, and computed tomography has played a
central role in this development.

Conventional and spiral computed
tomography

Invented by Godfrey Hounsfield in 1973, * computed
tomography involves rotating an x ray tube around a
subject, the tube taking one dimensional views as it
travels. These individual projections are digitally
summated and reconstructed by means of mathemati>
cal algorithms to give a two dimensional “slice”
through the body. Until recently, mechanical con»
straints limited tube rotation to 360 : a slice was taken,
and the x ray tube would return to its original position
while the table supporting the subject moved to the
next acquisition position, after which the whole
process started again (fig 1a). This process, known as
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Predicted developments

New multi>slice spiral computed tomography will
increase the sensitivity of virtual colonoscopy for
detecting colorectal polyps

Faster and cheaper computer power will translate
into faster and more complex image
reconstruction, such as “virtual pathology”

Image analysis and polyp detection are likely to
become automated

Oral labelling agents will eliminate the need for
bowel cleansing

Magnetic resonance imaging will be increasingly
used for virtual examinations

Because virtual colonoscopy is safe, easy,
complete, and, once bowel cleansing is eliminated,
nonsinvasive, it will assume a prominent role in
screening for colorectal cancer

dynamic incremental computed tomography, meant
that studies comprised a series of consecutive slices of
variable thickness and separation, and they were also
relatively time consuming.

The introduction of complex slip ring technology
has made it possible to continuously rotate the x ray
tube during image acquisition, and higher tube
loading has also enabled prolonged exposure. It
seems sensible to combine these developments with
continuous table movement rather than time consum»
ing, stepped increments, so that a subject can be
examined in one, rapid sequence.’” Because the tube is
continuously rotating while the subject moves
smoothly through the scanner, the x ray beam
describes a spiral pathway through the body (fig 1b)—
hence the term spiral computed tomography.

There are several advantages with spiral computed
tomography. Obviously it is faster, so that an entire
study can be completed in a single breath>hold. This
has eliminated misregistration artefacts, which were
previously caused by uneven inspiration between indi>
vidual slices. The reduced scanning time also means
that, when intravenous iodine compounds are needed
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Fig 1 Conventional computed tomography comprises a series of incremental 360 degree

slices through the subject (a), whereas in spiral computed tomograpkyaheube . . o X
continuously rotates around the subject, who passes through the scanner in a continuousSmall polyps (fig 2), unlike examination without

movement (b)
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to enhance the contrast of some organs, the entire
body part being studied can now be imaged at peak
contrast. Most importantly, whereas the images
produced by conventional computed tomography are
slices through the patient, mirroring exactly how they
are acquired, data acquisition during spiral computed
tomography is continuous in three dimensions and
therefore volumetric. Although images are conven»
tionally presented as single slices for convenience,
it should be borne in mind that these are two dimen>
sional reconstructions from a truly three dimensional
dataset.

Bowel imaging and computed
tomography

These technical developments have been paralleled by
changing attitudes towards luminal bowel imaging
with computed tomography. It was initially thought
that computed tomography of the abdomen and pelvis
was best suited to solid organs, and the bowel was sim>
ply labelled with orally or rectally applied contrast
medium so that it could be easily identified and

bowel is distended with air, and its lumen contrasts sharply with
surrounding soft tissues, revealing a 10 mm polyp in the transvers
colon (arrow)

distinguished from any disease. However, the concept
of using computed tomography as the primary tool for
colonic investigation was precipitated by investigators
searching for an alternative to the barium enema in
radiological investigations of frail, elderly patients. *
Indeed, it soon became apparent that the colon
could be visualised in exquisite detail with spiral com»
puted tomography if the principles underlying barium
radiology were similarly applied —hamely, distension
of the colon, adequate tissue contrast, and temporary
paralysis by means of intravenous smooth muscle
relaxants—a procedure that has been termed “spiral
CT pneumocolon.” * Patients undergo full bowel
preparation, an intravenous smooth muscle relaxant is
administered, and the colon then insufflated with
room air until fully distended. Once satisfactory
distension has been achieved, spiral computed tomog»
raphy is performed to encompass the entire colon,
possibly with simultaneous intravenous injection of
contrast medium. This approach allows detection of

preparation, which is used to detect large cancers in
frail elderly patients.

Virtual colonoscopy

The combination of fast volumetric imaging, the appli>
cation of barium techniques to computed tomography,
and formidable developments in rendering three
dimensional images by computer graphics packages
has enabled virtual colonoscopy (computed tomogra>
phy colography). First described by Vining and
coworkers in 1994,° virtual colonoscopy applies
techniques for rendering complex images to spiral CT
pneumocolon. The considerable difference in image
contrast between intraluminal gas and the surrounding
colonic wall and soft tissues makes this interface an
easy target for the rendering of three dimensional
images, allowing creation of a graphical representation
of the colon through which the viewer can “navigate”
(fig 3).

A spiral CT pneumocolon of a patient lying supine is
performed in a single acquisition, with the patient hold>
ing a breath for the first 1520 seconds (covering the
upper abdomen) while the rest can be acquired during
gentle respiration. The study is generally repeated with
the patient lying prone to ensure that all colonic
segments have been imaged distended. Reconstruction
parameters vary but in a typical study would be at 2 mm
intervals, with a 3 mm overlap of slices. The data are then
downloaded to an independent workstation equipped
with appropriate software for rendering perspective and
volume. The computer generates a retrograde intralu>
minal “fly through” navigation from rectum to caecum
and repeats it in the opposite direction.

Both antegrade and retrograde virtual colonoscop»
ies are stored in a “cine loop” format and can be viewed
directly from the workstation monitor. Image analysis is
interactive, and the radiologist can choose to view the
rendered mucosa from any angle, pass through the
tightest stricture, and even cross the colonic wall into
adjacent structures. Virtual studies are usually examined
in combination with the standard axial computed tomo»
grams. The computer can also generate two dimen>

Sional images at cross sectional and orthogonal angles

to the long axis of the colon to aid interpretation.
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tomography of 29 patients with occlusive cancers in
whom colonoscopy and barium enema had failed to
pass the stricture found all known tumours and
revealed two further cancers and 24 polyps proximal
to the site of obstruction. ** Furthermore, localisation of
lesions is likely to be more accurate with computed
tomography: in one study 38 cancers were correctly
localised by means of computed tomography com»
pared with 32 by conventional colonoscopy. *

Colorectal cancer screening

Almost simultaneous with the birth of virtual colonos>
copy were suggestions that it could be used for screen»
ing for colorectal cancer, and there are several
arguments in its favour. Virtual colonoscopy seems
able to reliably detect adenomatous polyps, the precur>
sor of cancer, with high accuracy. Furthermore, the
entire colon is easily examined, in contrast to colonos>
copy. It is quicker and less technically demanding than
either colonoscopy or even barium enema examina>
tion. It is safe, although there is a theoretical risk from
radiation exposure, roughly equal to that from barium
enema radiography (higher if both supine and prone
studies are performed). Other organs are also imaged
and could be screened simultaneously. The skills
needed to interpret virtual studies are different from
those required for barium radiology and might be less
demanding because of the wealth of imaging
information provided. Lastly, virtual colonoscopy is
perceived as a new and exciting development by
radiologists, and this enthusiasm may help staff

Fig 3 Virtual colonoscopic view of a 10 mm transverse colon polyp Ff€cruitment to any future screening programme.

(top) and same polyp imaged during subsequent conventional
colonoscopy (bottom). (Same patient as in fig 2)

Preliminary results

Preliminary results indicate that the accuracy of virtual
colonoscopy for detecting colon polyps may exceed
that of barium enema examination and approach that
of conventional colonoscopy. In a study of 70 consecu>
tive patients known to have polyps or being followed
up one to five years after polypectomy the sensitivity
and specificity of virtual colonoscopy were 75% and
90% respectively for adenomatous polyps >10 mm in
diameter, 66% and 63% for adenomas >5 mm, and
45% and 80% for polyps <5 mm. ® Comparison with
single contrast barium enema examination, still widely
practised in the United States, suggests that virtual
colonoscopy has a higher detection rate with fewer
false positive results! At the time of writing, no study
has compared virtual colonoscopy with double
contrast barium enema examination. In studies of
asymptomatic patients with no prior neoplasia virtual
colonoscopy had a sensitivity of 75% for adenomas
> 10 mm in diameter, ® and other studies have reported
sensitivities of between 91% and 100% for polyps
>10 mm*®* and sensitivity approaching 100% for
carcinomas."

Conventional colonoscopy is a difficult and techni>
cally demanding procedure, and is frequently incom»
plete for these reasons. A major attraction of virtual
colonoscopy is the greater certainty of a complete
examination, even when a carcinoma precludes proxi»
mal passage of a real colonoscope: computed
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Future developments

Virtual colonoscopy is in the early stages of its
development. Its feasibility has clearly been demon»>
strated, and larger, multicentre studies are needed to
determine its sensitivity and specificity outside special>
ist units. Multiple technical parameters can be altered
during image acquisition, and a coherent technique
has yet to emerge. Multi>slice spiral computed tomog»
raphy has just been introduced and will reduce exam»
ination time even further. Furthermore, the principles
underlying virtual colonoscopy by spiral computed
tomography can be just as easily applied to magnetic
resonance imaging, which carries no radiation
penalty.**

Presently, most limitations apply to the processing
and analysis of images after their acquisition—analysis
of a single study takes about 30>60 minutes. However,
the current constraints imposed by available process»
ing power and digital storage are likely to diminish.
Also, it seems that diagnosis can usually be made from
the two dimensional images, and generating a three
dimensional image, the most demanding application
in terms of computer power, may be necessary only for
problem solving, such as differentiating between a
polyp and a haustral fold. **

Other rendering techniques are also being
developed. It is possible to generate three dimensional
images that resemble conventional fluoroscopic
double contrast enema studies or to artificially
straighten the colon, open it, and view the rendered,
flattened surface en face, imitating the pathologist's
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Oestrogen status
can affect the
requirement for
vitamin D in
women with

view. Navigation software is also progressing; luminal
“fly through” navigation can be automated and
collision avoidance techniques used, with simultane>
ous antegrade and retrograde viewing.

At present, full colonic cleansing is mandatory for an
acceptable examination, but workers are already investi»
gating the possibility of using oral contrast medium with
a view to tagging faecal residue so that it can be differen>
tiated from pathological features and possibly digitally
excluded from the image. Furthermore, because virtual
colonoscopy generates images of the colonic wall, it is
possible to apply algorithms that automatically detect
and label regions where it is thickened, alerting the radi>
ologist to the possible presence of polyps. Perhaps flat
adenomas can be detected this way.

The development and refinement of all of these
techniques are likely to have tremendous impact on
the speed and accuracy of virtual colonoscopy and its
interpretation in the near future. The performance
characteristics of virtual colonoscopy are certain to
improve with improvements in hardware and software
innovation and radiologists’ experience. With regard to
its potential as a screening tool, its performance in real
populations and its cost, patient acceptability, and
availability will need to be determined.
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Lesson of the week

Oestrogen and calcium homeostasis in women with

hypoparathyroidism

Janet Mcllroy, Frances Dryburgh, John Hinnie, Rosemary Dargie, Alaa Al>Rawi

Permanent hypoparathyroidism occurs in 0.2%>0.3% of
patients who undergo thyroid surgery *; it arises less fre>
quently as an inherited or as an autoimmune disease.
The condition is treated with vitamin D analogue drugs,
doses of which have to be titrated against the serum cal>

hypoparathyroidismcium concentration while avoiding hypercalciuria. The
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vitamin D requirements in women with hypoparathy>
roidism can change if their oestrogen status alters. An
awareness of this can avoid hypercalcaemia.

Case reports

Case 1
A 54 year old woman had undergone thyroidectomy for

Graves' disease 34 years previously and had been treated

with vitamin D since that time. She had remained euthy>
roid, and her serum calcium concentration had been
satisfactory and stable for several years on LAhydroxyc>
holecalciferol treatment (1  g/day). The patient’s
parathyroid hormone concentration was below the level
of detection, although her calcitonin concentration was
measurable (32 ng/l, reference range <45 ng/l). Two
months after stopping hormone replacement therapy
she developed symptoms of hypercalcaemia—anorexia,

nausea, abdominal pain, constipation, and weight loss of
9 kg. Hypercalcaemia was confirmed biochemically; her
calcium concentration, adjusted for albumin, was 3.5
mmol/l. Her dose of 1> Ahydroxycholecalciferol, calcium
intake, and compliance with treatment were unchanged.
She had been on hormone replacement therapy for 8
years—a cyclical regimen had been prescribed initially,
and thereafter a continuous combined preparation.
After 1> /£ hydroxycholecalciferol was stopped, her
calcium concentration returned to normal. Her serum
calcium concentration subsequently remained within
the reference range on a reduced dose of 1>Ahydroxy>
cholecalciferol (0.25 g/day).

Case 2

A 52 year old woman with idiopathic hypoparathy»
roidism had been treated for 30 years with vitamin D
analogues. For many years she had been taking 1/
hydroxycholecalciferol (3 g/day). At annual review
she was hypercalcaemic (calcium concentration
adjusted for albumin, 3.1 mmol/l) and had anorexia,
nausea, and weight loss of 12 kg. Before this her serum
calcium concentration had consistently been within
the reference range. There had been no change in her
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