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Abstract

Purpose—To compare total colonic gas volume and segmental luminal distention according to
patient position at CT colonography (CTC), and determine which two views should constitute the
routine protocol.

Methods—\Volumetric analysis was retrospectively performed on CTC examinations from 146
adults (mean age, 59.2 years; 81M/65F; mean BMI, 30.9) where supine, prone, and right lateral
decubitus series were sequentially obtained using continuous low-pressure CO, insufflation. Total
colonic gas volumes were assessed using a novel automated volumetric tool. In addition, two
radiologists scored distention by segment using a 4-point scale (4=Optimal/3=Adequate/
2=Inadequate/1=Collapsed).

Results—Mean colonic gas volume (xSD) for supine, prone, and decubitus positioning was
1,617+567 ml, 14414505 ml, and 1901627 ml, respectively (p<0.001). Colonic volume was
highest on the right lateral decubitus series in 73.3% (107/146) and lowest in 6.2% (9/146) of
cases, whereas the prone series was highest in 0.7% (1/146) and lowest in 73.3% (107/146) of
cases. Overall mean segmental reader scores and % inadequate/collapsed for supine, prone, and
decubitus positions were 3.48/3.33/3.71, and 10.4%/12.1%/4.2%, respectively (p<0.001). The only
mean segmental scores below 3.0 were the sigmoid on supine (2.68) and prone (2.58), compared
with 3.23 on decubitus (p<0.001). Improvement in both decubitus and supine distention over
prone increased further with increasing BMI (p<0.001).

Conclusions—The right lateral decubitus position consistently yields the best colonic distention
at CTC, and significantly improves sigmoid evaluation. Prone distention was the worst,
particularly as BMI increased. Routine supine and decubitus positioning should be considered for
standard CTC protocols, particularly in obese individuals. Automated volumetric analysis provides
for rapid objective assessment of colonic distention.
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Health, E3/311 Clinical Science Center, 600 Highland Ave., Madison, W1 53792-3252, ppickhardt2@uwhealth.org, phone:
608-263-9028 fax: 608-263-0140.
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Introduction

Adequate luminal distention at CT colonography (CTC) is critical for CTC for diagnostic
evaluation. Poor distention can render both excellent bowel preparation and robust CTC
software moot, as lesion detection is compromised. Dual scanning in the supine and prone
position was shown early on to provide for complementary evaluation at CTC, with
improved polyp detection rates.1#* As such, a combined supine-prone protocol has long
served as the standard approach for performing CTC. With the use of manual room air, the
prone position will generally provide better distention, whereas the supine is typically better
when using automated carbon dioxide (CO,).> In general, automated continuous low-
pressure CO5 is now preferred over room air, as it provides for better overall distention,
easier administration, an improved safety profile, and reduced post-procedural discomfort.5-2
For cases where inadequate distention affects the same colonic segment or focal area, a third
series is generally advocated. This typically consists of a right lateral decubitus series for
inadequate sigmoid evaluation.>%10 The rate of obtaining an additional decubitus series
averages about 10% but can vary widely from 5% to 30% depending on the specific patient
cohort.10 In patients for whom assuming the prone position is either difficult or impossible, a
decubitus series is considered an acceptable substitute and is performed in conjunction with
the supine series.11-13

Anecdotally, we have noted in our practice that when all three position positions are
acquired (ie, supine, prone, and decubitus), the decubitus series seems to provide the best
overall distention in most cases. If the decubitus position can be shown to provide
significantly better luminal distention compared with the prone position on a consistent
basis, it should perhaps replace it as a standard acquisition. We now have access to a novel
automated CTC tool that can provide volumetric quantification of colonic gas and fluid,
which allows for a more objective assessment of luminal distention in addition to the
traditional subjective reader scoring by segment. The purpose of this study was to compare
total colonic gas volume and segmental luminal distention according to patient position at
CTC, and determine which two views should perhaps constitute the routine protocol.

Materials and Methods

Study Group

This retrospective study complied with the Health Insurance and Portability and
Accountability Act and was approved by our institutional review board; the need for
informed consent was waived. From a consecutive series of 1,823 CTC examinations
performed at our medical center over an 18-month period (over 90% of cases as part of the
screening program), we identified 146 cases where a supine, prone, and right lateral
decubitus series were sequentially obtained (see specific distention technique below). Mean
patient age was 59.2 years, with 65 women and 81 men. Mean patient body mass index
(BMI) was 30.9 kg/m? (range, 17.4-50.9 kg/m?). All patients underwent cathartic bowel
preparation plus oral contrast for tagging the day before CTC examination.
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CTC Distention Technique

All examinations, including distention, scanning, and quality assurance steps, are performed
by CT technologists experienced in CTC. Colonic distention with CO, was achieved using a
standard automated device (PROTOCO,L, Bracco Diagnostics). We do not employ
spasmolytics. With the patient in the left lateral decubitus position, a small flexible rectal
catheter is placed and an initial volume of 1-1.5 L of CO is instilled. To minimize transient
discomfort related to the rectal distention, the equilibrium pressure is initially set at
approximately 17-20 mm Hg and slowly increased to 25 mm Hg over the course of the
examination. The patient is initially placed in the left lateral decubitus position until a total
of approximately 2.5 L of CO, has been delivered, rolled to a right lateral decubitus position
for another 10.-1.5 L of CO,, and finally placed in the supine position until steady-state
equilibrium has been reached. A scout view is obtained, followed by the full supine
acquisition during end-expiration if distention appears to be adequate. The patient is then
placed prone and repeat scanning occurs once equilibrium pressures are again observed.
Care is taken to ensure active replacement of CO, as needed during scanning.

Our CT technologists are trained to recognize inadequate distention, via immediate review
of supine and prone 2D images at the console. The decision to perform a right lateral
decubitus series is typically based on the presence of focal luminal collapse or near-collapse
involving the same portion of the sigmoid or descending colon. The decision is usually made
by the CT technologist, but the radiologist assigned to CTC that morning will occasionally
be consulted. Because the left colon (sigmoid and descending) account for the vast majority
of our cases with inadequate distention leading to a third series, we most often perform this
in the right lateral decubitus position. Cases where a left lateral decubitus position was
obtained were excluded from the study cohort.

CTC Acquisition Protocol

During the study period, CT Image acquisition was performed with 16- and 64-channel
multi-detector CT scanners (GE Healthcare, Waukesha, WI). Scanning technique consisted
of 1.25 mm collimation, 1 mm reconstruction interval, 120 kV,, and tube current modulation
(noise index set at 50, 30-300 mA range).

Data Collection and Analysis

The total colonic gas volume for each patient position was derived using an automated tool
available on a beta version of our CTC software (V3D Colon; Viatronix, Stony Brook, NY).
This novel tool automatically segments and analyzes the colonic luminal gas and contrast-
tagged fluid, providing the total volume of each, as well as the mean attenuation of the
fluid.. Luminal fluid volumes and density were not of specific interest in this particular study
but would be relevant when assessing the quality of bowel preparation. Furthermore, the
residual fluid remains essentially static between the series. To complement the objective
volumetric assessment, two radiologists independently scored luminal distention for each
colonic segment on all three series for each case. An established 4-point scale was utilized,®
whereby a score of 4 signifies “optimal” luminal distention, a score of 3 signifies “adequate”
distention, 2 signifies “inadequate” distention, and 1 signifies an area of focal collapse. Each
segment was scored according to the worst area of distention within that segment. To allow
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for greater distinction between degrees of distention, 0.5-point increments between points
were allowed.

Numerical variables were summarized with mean, SD (standard deviation), quartiles, and
range; frequency count and percentages were used to summarize categorical variables.
Friedman's test was used to test for positional differences in gas volume. Fisher's test was
used to assess for positional differences in percent inadequate scores; separate analyses were
done for each reader. Pearson correlations were obtained and tested with Fisher's z
transform. P < 0.05 (two-sided) was the criterion for statistical significance. Statistical
computations were obtained in R 3.0.1 (R Development Core Team 2013).

Large differences were observed in the colonic gas volumes between the three patient
positions at CTC, which was usually visually obvious (Figures 1 and 2). Mean gas volume
(xSD) for supine, prone, and decubitus positioning was 1,617 + 567 ml, 1441 + 505 ml, and
1901 + 627 ml, respectively (p<0.001) (Figure 3A). The right lateral decubitus series had the
highest volume of the three positions in 73.3% (107 of 146 cases) and had the lowest volume
in 6.2% (9 of 146 cases). In contrast, the prone series had the highest colonic volume of the
three series in 0.7% (1 of 146 cases) and lowest volume in 73.3% (107 of 146 cases). The
supine colonic gas volumes were intermediate between the decubitus and prone volumes,
with the highest volume in 26.0% (38 of 146) and lowest in 20.5% (30 of 146). In terms of a
typical CTC protocol where two views are standard, the decubitus series was one of the two
best-distended views in 94% of all cases, the supine was among the two best in 79%, and the
prone series was one of the two best in 27%.

The mean pooled segmental distention reader scores summed over all six segments for the
supine, prone, and decubitus positions were 3.48, 3.33, and 3.71, respectively (Figure 3B),
with higher scores reflecting better distention (p<0.001). These subjective reader scores
matched well with automated volumetric results (Figure 3). Pooled distention scores by
segment for each position are shown in Figure 4. The only pooled segmental scores that
were below 3.0 on average was for the sigmoid colon on both supine (mean score, 2.68) and
prone (mean score, 2.58) positions, compared with a mean score of 3.23 for the right lateral
decubitus series (p<0.001). The rectum was the only segment where the prone did not have
the worst mean distention score, as supine distention was worse for this segment (Fig 4).
Between the two readers, 10.4% of segments (182 of 1752 pooled segments) were either
inadequate or collapsed on the supine series (pooled score >3.0), 12.1% (212 of 1752) were
inadequate or collapsed on the prone series, and 4.2% (73 of 1752) were inadequate of
collapsed on the decubitus series (p<0.001 for each reader). For the sigmoid colon, which is
the most problematic segment, the overall percentage of inadequate or collapsed segments
for the supine, prone, and decubitus series was 34.9% (102 of 292), 36.0% (105 of 292), and
17.5% (51 of 292), respectively (p?).

Patient BMI was negatively correlated with colonic gas volume for each position: r= -0.076
in decubitus, -0.226 in prone, and -0.107 in the supine position (p < 0.024). However, when
considering decubitus and supine colonic gas volume as a percentage difference compared
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with prone volume, the relative improvement in colonic distention over the prone position
increased with BMI increases for both supine (0.213; p<0.001) and decubitus (0.280;
p<0.001) positions. These correlations are plotted in Figure 5.

Discussion

With the use of an automated tool that rapidly and objectively determines colonic gas
volume at CTC, we have shown that luminal distention with CO5 in the right lateral
decubitus position was clearly superior to the standard supine and prone positions in this
cohort. This automated volumetric assessment matched well with the overall findings from
the more standard segmental scoring by radiologists. Furthermore, because luminal
distention in the prone position lags behind that of the supine position with CO,,
consideration for a standard supine-decubitus CTC scanning protocol is warranted,
especially for more obese individuals. In particular, this approach could significantly
improve distention and evaluation of the sigmoid colon, which represents a singular
challenge for CTC.

It is important to note that our findings specifically apply to colonic distention with
automated continuous low-pressure CO» delivery. With the use of manual room air, the
relative superiority between supine and prone actually reverses, and the impact on the
decubitus view is not well established. Michel et al® reported that the prone view was
superior to the supine view in the majority of cases with manual room air insufflation in a
simple but large subjective reader study, whereas with automated CO,, the situation was
reversed with supine being superior, which matches our current findings. There was no
available comparison with the decubitus view in the series by Michel et al. Possible
explanations for these supine-prone observations include the relative differences in colonic
absorption and intraluminal pressures between the two distention techniques. Because room
air is essentially not absorbed through the colonic wall, continued insufflation from supine to
prone would be expected to increase overall luminal volume (as would a subsequent
decubitus series). In addition, because there are no pressure safeguards with room air, the
increased intraluminal pressures that are possible may resist partial luminal collapse related
to surrounding patient girth. The impact of body habitus on luminal distention with low
pressure CO5 is most pronounced in (morbid) obesity, which explains why distention
relative to prone improves on decubitus and, to a lesser extent, supine positioning with
increasing BMI. The fact that the prone position fares so poorly with CO, argues against the
sequential ordering as a possible explanation for why the decubitus is most voluminous.

Although the distention data from our study strongly support changing practice by replacing
the prone series with a right lateral decubitus series as standard protocol, there are issues
related to such a switch that should be carefully considered. The shifting of luminal fluid
between the opposed supine and prone position is much more complementary than a supine-
decubitus combination, where polyps would be more likely to be submerged on both views.
Even with fluid tagging, submerged polyps remain a pitfall at CTC, particularly on the 3D
view.1415 The ability to distinguish pedunculated polyps from mobile debris might also be
more difficult with only a 90-degree positional rotation. In addition, patient anatomy tends to
appear somewhat more distorted in a lateral decubitus position. Given the high degree of
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dose reduction now possible with the recently developed iterative reconstruction
techniques,16-18 one could even argue that the concern related to obtaining an additional sub-
mSyv series is moot.

There are, however, other potential benefits to employing a supine-decubitus CT standard
beyond improve distention and lesion detection alone. A lateral decubitus position is much
more comfortable and feasible for obese or otherwise debilitated patients, and would
presumably increase patient acceptance. Gryspeerdt et al2 found that there were fewer
breathing artifacts with a lateral decubitus position compared with prone, especially in the
elderly. The examination would also be easier for CT technologists to conduct and may
reduce its duration. Finally, if the supine-decubitus combination were to reduce the need for
a third series, overall patient dose would also decrease accordingly.

There have been previous efforts to provide automated assessment of colonic distention at
CTC.19-21 To our knowledge, prior attempts have provided primarily linear diameter
assessment and not a true volumetric analysis. Volume data are objective, more robust, likely
less error prone, and also amplify true differences compared with linear measures.
Volumetric assessment in our study matched well with the more subjective reader distention
scores, which are considerably more labor intensive. This automated QA tool has other
potential uses. For example, we are currently investigating its use for assessing bowel prep
fidelity by measuring residual fluid volumes and density. This may be an effective means for
comparing the performance of different bowel preps at CTC.

We acknowledge limitations to our study. By definition, we only included CTC
examinations where all three series were obtained, which may introduce a selection bias
since the supine and prone views were already considered suboptimal in some way.
Therefore, the improvement in distention on the decubitus series may not be as severe for
cases where supine and prone distention are excellent. We did not alter the temporal
sequence for obtaining each series, as each was performed in a supine-prone-decubitus
order. Although this may affect the overall results, the fact that the second series (prone) was
the worst and the third series (decubitus) was best argues against a strong temporal bias. We
did not assess the effect of luminal distention upon lesion detection, but this has been
repeatedly shown in earlier CTC studies. 14 Finally, the automated volumetric tool we
utilized does not provide segmental data and cannot identify areas of inadequate distention.
Rather, it rapidly and objectively provides total colonic volume data as an overall
assessment.

In summary, we have found that the right lateral decubitus position consistently yields the
best overall colonic distention at CTC, and significantly improves sigmoid evaluation.
Colonic distention tends to be worst in the prone position. Our findings support the use of
right lateral decubitus positioning for routine CTC, in conjunction with the supine position,
to optimize colonic distention for lesion detection. Automated volumetric analysis provides
for rapid objective assessment of colonic distention.
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Figure 1.
3D colon maps from CTC in two patients showing typical distention patterns.

A-C, CTC 3D colon maps from a 67-year-old man show intermediate/adequate distention in
the supine position (A, colonic gas volume = 1429 ml), poor/inadequate distention in the
prone position (B, gas volume = 973 ml), and optimal distention in the right lateral decubitus
position (C, volume = 1963 ml). D-F, CTC 3D maps from a 51-year-old woman in the
supine (D), prone (E), and decubitus (F) positions with colonic gas volumes of 1835 ml,
1639 ml, and 2452 ml, respectively. Note typical areas of inadequate distention in the rectum
on supine (D, arrow) and transverse colon on prone (E, arrowheads), both of which are
much better distended on the decubitus series (F).
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Figure 2.
2D images from CTC examination in 65-year-old woman.

Transverse 2D CTC images from supine (A), prone (B), and right lateral decubitus (C)
series show improved distention on the decubitus series. Coronal 2D decubitus image (D)
also depicts excellent distention. Resolution of luminal narrowing and crowding of colonic
folds greatly simplifies evaluation on both 2D and 3D views. Colonic gas volumes in supine,
prone, and decubitus were 1388 ml, 1382 ml, and 2141 ml, respectively.
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Figure 3.

A, Bar graph shows mean colonic gas volume, which was greatest in the decubitus position
(1901+627 ml), intermediate in the supine position (1,617+567 ml), and lowest in the prone
position (1441505 ml) (p< 0.0001).

B, Bar graph shows the mean overall segmental distention scores by position, pooled

between the two readers, which match well with the automated volumetric results (p<0.001).

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 July 18.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Pickhardt et al.

Mean Segmental Distention Score

Page 12

B Supine

W Prone

m Decubitus

Rectum Sigmoid Descending Transverse Ascending Cecum

Figure 4.
Mean segmental distention scores by colonic segment for each patient position.

Pooled scores from the two readers show that the prone position (red) yields the worst
distention on average (higher scores) for all segments except for the rectum, where the
supine (blue) is worst. The right lateral decubitus position (green) consistently provides the
best distention throughout the colon (p<0.001).

AJR Am J Roentgenol. Author manuscript; available in PMC 2017 July 18.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnuely Joyiny

Pickhardt et al.

Page 13

100 . L

Decubitus Gas Volume as % of Prone

A

i8]

=

o

a

ko]

®

w

m

ik}

£

=]

o

>

W

(1]

o

@

£

s i ;

@ _gp = e . L

[ ]
T T T T
20 30 40 50
BMI [m/kg?
B [m/kg’]
Figure5.

Correlation between colonic distention by position and patient BMI.

Graphs depicting decubitus (A) and supine (B) gas volume as a percentage difference
compared with the prone volume, plotted against BMI. Values above zero indicate a higher
volume than the prone scan. As BMI increases, the degree of improvement in decubitus and
supine distention increases further. Correlations are 0.280 (p<0.001) and 0.213 (p<0.001),
respectively. The straight lines represent the least squares fit and the wavy lines apply a local
smoother. In general, the percentage increase in distention is greater in the decubitus
position at all BMI values.
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