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Virtual colonscopy for primary screening

The future is now

P. J. PICKHARDT 1. 2

Virtual colonoscopy (VC) is a minimally invasiyve
tool that utilizes modern CT technology for cel-
orectal evaluation. Since its inception in 1994, VC
has continued to rapidly evolve and improve
as a diagnostic screening tool. Early success
using primary two-dimensional (2D) detection
in polyp-rich cohorts was followed by disap-
pointing results in low prevalence populations.
Subsequent introduction of the three-dimen-
sional (3D) endoluminal display for primary
polyp detection and oral contrast tagging has
transformed VC into an effective primary screen-
ing tool. This state-of-the-art VC)technique has
already proven to be a viable enterprise when
combined with existing optical colonoscopy
practice. More widespread-implementation of
VC screening faces multiple challenges, but these
are all greatly overshadowed by the immediate
need for increased participation in effective col-
orectal screening. Given itsrelatively noninva-
sive nature and the wide availability-of CT, VC
holds significant potential for addressing a very
important yet preventable public -health con-
cern. This review will cover/current VC tech-
nique, compare the existing/multi-center VC tri-
als, discuss issues related to primary VC screen-
ing, and briefly-update the progress of our VC
screening program.
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Virtual ¢olonoscopy (VO), also referred to
as CTI colonography, is a minimally inva-
sive test for the detection of colorectal polyps
and'masses. This technique, which combines
two-dimensional (2D) and three-dimensional
(3D) CT displays, has been rapidly evolving
since its inception in 1994.! Some of the ear-
lier VC trials involving polyp-rich cohorts
demonstrated very encouraging results using
a primary 2D approach to polyp detection, 3
but the initial attempts to study low preva-
lence populations were rather disappointing.4+-
6 However, subsequent improvements in VC
technique, particularly the use of the 3D endo-
luminal display for primary polyp detection
and oral contrast for tagging of residual fluid
and stool, have transformed VC into an effec-
tive primary screening tool. These advances
culminated in a large multi-center VC screen-
ing trial that showed comparable performance
to optical colonoscopy (OC).7 Clinical imple-
mentation of this proven method for VC
screening has already been shown to be a
viable enterprise, particularly when covered by
third-party payers and combined with an exist-
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TABLE I —Potential challenges to clinical implementa-
tion of VC screening.

— Reimbursemnt of VC screening from third-party payers
(U.s)

— Development of an acceptable diagnostic screening
algorithm

— Identifying the appropriate group of patients for pri-
mary VC screening

— Establishing an effective relationship with gastroente-
rology and colorectal surgery

— Establishing practice guidelines and program accredi-
tation

— Demonstrating cost effectiveness of VC screening

— Dedicated training of enough radiologists and techno-
logists

— Educating patients and referring physicians on the role
for VC in screening

— Continued need for colon purgation (and development
of non-cathartic alternatives)

— Issue of exposure to ionizing radiation (albeit low dose
in adults)

— Assessing the net impact of extracolonic CT finding

— Competing with other screening tools (new and old)

— Flat colorectal lesions

colorectal screening is quite app
too many people are dying fr
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y significant col-

d>¢olon with a\modeérn
T Scanner, clihiCa

able variability invthe specific techniques used
for performing VC. For the purpose of this
report, emphasis will be placed on the VC
methods that have proven most successful

to date.
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Colonic preparation

tagging any retain
Patient preparati
before the e

ion. We have had great
atively simple low-volume
cathartic/preparatior (less than 400 mL) that
ines ic components, all of which

i rtant for complete success: sodium
¢atharsis, dilute 2% barium for
gging, and an ionic water-solu-
agent for fluid opacification.10 In
6 the agtaal prep components, the
i ‘ar—liquid diet with lib-
oughout the day. Through

are required the evening
inhation (45 mL sodium phos-

preliminary success in high-risk groups.12The
prepless designation sometimes applied to
this approach is a misnomer, since a bowel
preparation is invariably employed. The terms
“non-cathartic” or “minimal” prep are closer
to the truth, although most would agree that
the use of gastrografin provokes at least a
mild cathartic effect. Regardless, important
trade-offs with this approach include an
expected drop in accuracy in low prevalence
populations and inability for same-day
polypectomy.!3 Although non-cathartic preps
for VC may ultimately increase overall com-
pliance, I believe it should be primarily
reserved for patients who are unwilling to
undergo proper cleansing, assuming they
understand the consequences. Furthermore,
this approach must first be validated in a
multi-center trial evaluating an asymptomatic
average-risk population. In my opinion, it is
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preferable to use a bowel preparation method
that allows for the possibility of same-day
polypectomy to avoid the need for a second
prep. Our patients greatly value this one-stop
shop approach to colorectal screening.

Colonic distention

Gaseous distention of the colon, like prop-
er cleansing, is also critical for diagnostic suc-
cess. Distention may be achieved with either
room air or carbon dioxide. The rate and
degree of insufflation can be controlled by the
patient, controlled by the technologist/physi-
cian, or automated. The adequacy of colonic
distention prior to scanning is usually gauged
on the CT scout view (Figure 1). The 2 best
(and safest) techniques for consistent colonj
distention are patient-controlled room 4
insufflation and automated carbon dioxide
delivery (PROTOCO,L, E-Z-EM). Perforations
are extremely rare when these techni
are employed and are essentially
of in the setting of asymptomatig"
ing. We recently compared patien
room air insufflation versus
bon dioxide delivery for
over 200 patients and defermi
latter approach resulted m@ig tl
colonic distention andsdecredsee
cedure discomfort
PJ, Taylor AJ, Jong

ocCtive ¢O
of patient-contrqlled . roOm air/in

ly) preferred
ntrolled room air Ainsufflation

e of’a colonic segment on
both supine and prone views. Because the
great majority of nondiagnostic segments
involve the sigmoid colon, typically as a
result of extensive diverticular disease, we
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4

extra attention and its adequacy for
valuated directly on the axial 2D images.

screening evaluation (again, a one-stop
shop offering).

CT scanner requirements

While it is true that a multi-detector CT
scanner is necessary for acceptable 3D image
quality at VC, a four-channel CT scanner will
generally suffice. This is due in part to the fact
that the gas-filled colon is a relatively static
and forgiving structure, but also because the
target lesions are sufficiently large (i.e., polyps
measuring 5-6 mm or greater in size) and do
not require exquisite spatial resolution for
detection. Although we now perform all VC
exams on eight- and 16-channel CT scanners
(with 1.25 mm collimation and 1-mm recon-
struction interval), a 4X2.5 mm detector con-
figuration remains adequate for successful
examination.”. 8 Given the nature of the soft
tissue-air interface, the CT technique for VC
entails significantly lower radiation doses
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compared with standard abdominal CT stud-
ies. The clear benefit of effective colorectal
screening outweighs the small theoretical risk
from the low-dose radiation exposure in the
adult population. 4

VC software: 2D vs 3D polyp detection

The choice of VC software for interpreta-
tion is an absolutely critical factor, greatly
outweighing the small differences that exist
among different multi-detector CT scanners.
Of paramount importance is whether or not
effective and time-efficient 3D evaluation is
even possible with a given VC software sys-
tem. Primary 2D evaluation for polyps con-
sists of scrolling through the hundreds of 2D
CT images in a manual lumen tracking modg”
In my opinion, there are several reasons v
this 2D approach has unfortunately become
ingrained as the leading search method: 1)
high-quality 2D displays were availabie
VC was first emerging as a nascent tg
in the mid- late 1990s; 2) a pre €

P detection
hen viewed

this transition
tion represents a amental reversal in the
approach to VC interpretation. The 2D images
now primarily serve as source images that
are vital for confirming 3D findings, but also
have a secondary role in polyp detection.
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This interpretation appro
as a biphasic examination.
level 3D-2D correlation
trained radiologists in
tions. Although th
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: for high-
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eWw systems currently
d time-efficient primary

Ag | olyps from folds is a much easier
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ed Wlth prlmary ZD eval-
quite ev1dent when faced

population. Furthermore, our
ows that flat lesions do not

ined with 2D imaging.!7 Our investigations
& also shown that linear polyp measure-
ment on the 3D endoluminal view is signif-
icantly more accurate than 2D axial, coro-
nal, or sagittal measurements, both iz vitro
and in vivo.’8 This is due to both 2D win-
dowing effects and the fact that the long axis
of a polyp is easily measured on 3D but
rarely aligns directly with a standard orthog-
onal 2D view. Optimizing the linear 2D size
by obtaining all 3 orthogonal measurements
minimizes but does not eliminate 2D under-
sizing of polyps on 2D.

There are several additional 3D tools and
features that can further benefit the radiolo-
gist’s interpretation. Translucency rendering
is a tool that allows for rapid distinction
between soft tissue polyps and adherent
tagged stool on the 3D view, reducing the
need for time-consuming 2D correlation.19 A
missed patch tool allows for tracking and
visualization of mucosal surfaces that are not
seen during standard bi-directional navigation
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communicating findings to endoscopists
g (Figure 2). Bookmarking features provide
fluid and increa dcosal surface visual- precise localization of polyps for either sub-
ization, but also introduces artifacts that can  sequent VC surveillance or OC polypecto-
be distracting (which is why we currently do  my. The automated centerline for luminal
not employ it).10 The colon map provides an  navigation confers a significant time savings
overview of colonic anatomy and is useful for  compared with systems where the flight path
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must be manually determined by the radiol-
ogist (Figure 2).

Comparison of the multi-center VC
trials

There have been 3 large multi-center VC
trials that have been published to date:
Pickhardt et al.,” Cotton et al.,> and Rockey et
al% The results were strikingly different, with
a by-patient sensitivity of 94% for adenomas at
the 10-mm threshold in the Pickhardt trial,
compared with sensitivities of 55% and 59% in
the Cotton and Rockey trials, respectively (the
figures for the Cotton and Rockey trials are in
terms of all polyps —adenomas were not con-
sidered separately). There was less of a djs-
parity between by-patient specificities, but this
is of course of secondary importance com-
pared with sensitivity. of pamcular 1mpor—

~The second
sidual colonic
ASt, Which was

\ccuracy resulting from the
lack of 3D polyp detection and contrast tag-
ging in the Cotton and Rockey trials cannot be
ascertained. Regardless, both played a critical
role in the success of the Pickhardt trial.
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To properly assess a new colorectal screen-
ing tool, it would see
true screening population.
the Rockey trial nor

mance might ¥
tomatic and

xpeCted between symp-
atic cohorts. Another
ack in the Cotton and

er compounded by the
é§§ogists did not receive
y for performance improve-
e_trial. In comparison, the

ronological and evolutionary order. The
sion created by their delayed publica-
has led to the misconception that VC
rformance is somehow going backwards.
onetheless, it serves as another reminder
that specific techniques, particularly 3D polyp
detection and contrast tagging, truly matter
and that further advances in this important
area of radiologic imaging are best handled
by radiologists. Of concern for the future is
that ongoing or upcoming VC trials may sim-
ply try to co-opt the banner of 3D emphasis
but actually employ the typical VC software
system that does not allow for effective and
efficient primary 3D evaluation.

D

Issues related to primary VC screening

Developing a diagnostic algorithm

For patients undergoing colorectal screen-
ing with VC, the largest detected lesion large-
ly determines the next appropriate step. A

Giugno 2005



VIRTUAL COLONSCOPY FOR PRIMARY SCREENING

diagnostic algorithm based on polyp size
stratifies patients into categories such as
immediate OC for polypectomy, short-term
VC surveillance, and routine follow-up.2!
Adoption of reasonable polyp size thresh-
olds and follow-up intervals will be critical to
the ultimate success of VC screening.14. 22, 23
For patients with medium-sized (6-9 mm)
colorectal polyps detected at VC, we offer
the option of immediate polypectomy at OC
versus noninvasive VC surveillance. We
believe this represents a logical and clinical-
ly sound strategy. The rationale behind this
paradigm shift lies in both the indolent nature
of sub-centimeter polyps and the noninvasive
method of detection. Once a patient has com-
mitted to primary OC for evaluation and has
accepted the risks of this more invasive prg
cedure, removal of all nondiminutive pol
is expected. The situation is quite different for
VC screening because the exclusion of large

every 20 cases; althou
lesions represent advan

are histologically
\ly none are malig-
without any polyps
measuring greate A 5 mm at VC are con-
sidered to have an essentially normal study in
our screening program.

In my opinion, much of the controversy sur-
rounding VC screening will center around the
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clinical management of
(6-9 mm) detected at VC
tant to keep in mind that thj
ondary to increased
polyps in a great
Fueling this potg

ewhat limited, clearly sup-
of noninvasive surveillance

es have been published that followed
1 sub-ca—polyps over time, all of
@ted the indolent nature

orectal polyps. Hofstad et al.

trgest and most meaningful of

v, 5-9 mm polyps actually showed an
endency for regression.3® The
rchers concluded that follow-up of unre-
colorectal polyps up to 9 mm is a safe
tice, which closely parallels our current
approach for noninvasive VC surveillance. In
an earlier study, this same group showed that
diminutive tubular adenomas rarely develop in
to advanced lesions in the short term.3! In a
smaller series, Bersentes et al. showed no sig-
nificant change in the size of sub-cm polyps at
two-year follow-up, with only a minority of
lesions growing more than 1 mm in diame-
ter.32 Finally, review of data from the National
Polyp Study concluded that the high observed
adenoma detection rates at surveillance
colonoscopy and the low observed colorectal
cancer incidence seen in this large study could
only be explained by assuming a high inci-
dence rate of adenoma regression.33
Establishing appropriate follow-up intervals
for patients with sub-centimeter polyps or no
polyps detected at VC represents the other
major challenge for developing an agreeable
diagnostic screening algorithm. The routine
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follow-up interval following a negative VC
study (i.e., no polyps detected > 5 mm) could
safely be set at 5 years to coincide with the
accepted intervals for sigmoidoscopy and the
barium enema. As more experience and data
are gathered, this interval would likely expand
towards the ten-year level that is currently
accepted following negative OC examination.
Although three-year follow-up of unresected
medium-sized polyps (6-9 mm) was shown
to be a reasonable approach in the Hofstad tri-
al, more conservative parameters may be
employed during the early implementation
phase of VC screening. The Working Group on
Virtual Colonoscopy has recently issued pre-
liminary guidelines for VC screening that call
for a 5-10 year interval for a negative VC exam-
ination and 3-year follow up for unresecte
medium-sized polyps.34 It remains to be see
how swiftly these guidelines will be adopted
by real-world practitioners.

Another potential inclusion with t
nostic algorithm would be to stratify V(‘R@q
1ngs accordmg to d1agnost1c CQ

the current pra
polyps in the

Defining the appropriate patient population

The early VC studies essentially provided
necessary proof of concept, demonstrating
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that finding polyps with VC was feasible
Or primary
dsymptomatic
adults.2! For one, are least like-
ly to require subs¢

whereas conside

4 as a limited resource that is bet-
apeutic procedure for

i lyps, rather than being
'aér?ostic exams. The argu-

ade that the known risks of
ically significant bleed-

colorectal polyps found by VC in asympto-
matic adults not only helps to preserve a
valuable resource, it is also a sensible strate-
gy from a risk/benefit standpoint.

Extracolonic CT findings identified at VC
screening

Extracolonic evaluation from the 2D CT
images at VC represents a double-edged
sword. On one hand, potential benefits
include personal reassurance for the vast
majority in whom nothing ominous is found
and, in a small minority, discovery of an
unsuspected but clinically significant process
at an early, pre-symptomatic stage. On the
other hand, potential drawbacks include
unnecessary anxiety and added costs related
to additional work-up for findings that ulti-
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mately prove to be of no consequence.
Unfortunately, most studies to date on this
topic have involved symptomatic or high-
risk individuals, for which extracolonic find-
ings are more frequent.3639 In contrast, poten-
tially significant extracolonic findings are
encountered in asymptomatic adults at a
much lower frequency. It must be empha-
sized that the lack of IV contrast and the low
dose technique employed for VC limit the
evaluation of CT findings outside of the colon.
For radiologists performing VC screening, a
careful log of potentially important extra-
colonic findings should be kept and period-
ically checked to confirm resolution.

The vast majority of extracolonic findings
at VC are of essentially no clinical signifi-
cance and include things such as uncomp
cated renal or hepatic cysts, mild arterial va
cular calcification, hernias (particularly hiatal
and inguinal), and benign skeletal findings

erate 1mpor“tar1ce and hig

St@s the f equen

of truly significant fi
in the highly impoy

incidental congen-
rience, unsuspect-
ed extracolonidmatignanty is seen in approx-
imately 1 case per 200 patients screened.40
Interestingly, VC will typically uncover more
extracolonic malignancies than colon can-
cers in a typical asymptomatic screening pop-
ulation, which underscores the fact that col-
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orectal screening is more about cancer pre-

mportant for radiologists,
ists, and colorectal surgeons
ér closely as colorectal screen-
C screening, if properly imple-
in\a win for all, including

e potential added ben-
is obvious, since any

4s a means to enhance their clini-
es, since it serves as a complement
a replacement for the existing screen-
options.41 VC could be initially targeted to

OC or are at significantly increased risk for a
complication.! In our experience, the net
effect of this approach has been an increased
frequency of therapeutic OC, relatively less
time spent on negative (nontherapeutic)
exams, and an overall increase in the total
number of OC exams performed. One would
assume that the level of gratification resulting
from endoscopic removal of an advanced
neoplasm would exceed that of a negative
invasive examination.

By providing a comprehensive colorectal
screening service, it is possible to provide a
one-stop shop experience for patients. When
the radiologist reads the VC examination on-
line, a fasting patient can then undergo
polypectomy at OC without the need for a
second colonic preparation. This option is
highly valued by many patients but it requires
dedication from the radiologist to rapidly inter-
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pret the VC study. A commitment from the
endoscopist is also required to provide this
same-day service. This cooperative arrange-
ment functions as a two-way street, since
same-day VC add-ons for incomplete OC also
occur. As described below, this is the approach
we have employed for the VC screening pro-
gram at the University of Wisconsin.

The specific impact of VC screening on col-
orectal surgery practice promises to be very
positive. In addition to detecting more
advanced adenomas, an increase in effective
colorectal screening should also result in the
detection of more cancers at a surgically curable
stage. It has been shown that detection of
asymptomatic colorectal cancer offers a better
prognosis and is more cost effective than wait-
ing for symptomatic detection.42 VC can provigde
exquisite preoperative planning, with precise
tumor localization and also evaluation of extra-
colonic structures. Beyond mucosal-based
lesions, VC can provide much more gomptete

Although visible
terology and colo

ySician if a poten-
ual finding is identi-
‘ work up. Although
many primary ca iders already see the
benefit of an additional screening option for
their patients, others can be educated and
updated through the use of grand rounds
lectures and the medical literature.
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Current status of the VC screening

third-party reim-
8,43 One year lat-
s the only program
this status. The reasons

7 allow for same day
@ed Approximately 5-

, g0 on to same- day

Wysician referral, this also means
¢ primary care providers are already
ng out this test for their patients. Because
verage by third-party payers, less than
o-0f our patients pay out-of-pocket expens-
g for the procedure. We are currently seek-
ing out additional ways to further expand
our capacity, such as identifying a CT scan-
ner that will be dedicated to VC screening.

Conclusions

Widespread implementation of VC screen-
ing faces multiple challenges, but these are all
greatly overshadowed by the immediate need
for increased participation in effective col-
orectal screening. Given its relatively nonin-
vasive nature and the wide availability of CT,
VC holds significant potential for addressing
a very important yet preventable public health
concern. For maximum impact, we need to
shift our focus away from the ubiquitous
diminutive polyp and concentrate more on
the larger polyps that are a more realistic
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