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Introduction:

Morbidity of colon cancer continues to increase, taking 2°d and 3 r^ places in malignant
tumors. The incidence of colorectal cancer (CRC) increases exponentially with age; those
over 50 years of age represent 37% of general population, yet account for 95% of the cases,
and more than 96% of the deaths from colon malignancies(l; 2).
For a long time radiologic examinations were considered as a main pre-operative diagnostic
method for cancer of the colon. The sensitivity of the barium enema with regard to diagnosis
of the carcinoma and polyps ranges from 92-98.5% (3;4;5;6).
Sigmoidoscopy for detection and removal of polyps has been shown to decrease the
incidence of subsequent CRC's by 70-80% in distal colon. However, the sigmoid colon is
often difficult to examine because of associated diverticular disease, and about 15% of
tumors in the sigmoid colon are overlooked (7;8;9).

Purpose of the study:

Numerous available methods of DCBE have been compared in order to find the correct
criteria for an optimal method, while maintaining high diagnostic quality. We evaluated the
patient exposure dose as one of the independent criteria in order to choose the optimal
examination projections.
Based on results of the evaluation we propose a modified method of DCBE.

Materials and Methods:

The main methods of colon radiological examinations are as follows:
• the Fisher-Weber method - bi-phasic single and double contrast barium enema method
• the Wellin-Brown - direct DCBE method

Additional modern methods are modifications of the above methods.
In our study, we used the a/m methods, as well as the Chapman, Margulis, Laufer and
Gelfand methods, and conducted 200 examinations (10;ll;12;13).
During evaluation of these methods we conducted a protocol of different phases of the
examinations (projections and manipulations of patients, segments of colon, fields of view).
The study was conducted on standard radiological R&F: Philips Diagnost 65A system.
Preliminary evaluation of the exposure doses was made on the tissue-equivalent
hermaphrodite anthropomorphic Alderson-Rando phantom in various projections (PA, AP
and both 35-450 oblique and lateral projections).
The patient exposure doses were calculated by INDOR-S indicator, which enabled us to
measure the EED of 47 different radiological procedures performed on patients of 5 different
age groups (new-born - elderly) in various projections and fields of view.
In order to simplify our study, the various manipulations of the patients were categorized into
two groups - those of primary importance and those of subordinate importance.

The comparison of exposure dose in colon examination using the Fisher-Weber and
Wellin-Brown methods revealed that the application of primary double contrast method
exposes patients to lower x-ray doses.

-240-



A comparison of the two methods (Fisher-Weber and Wellin-Brown), shows that the latter
(DCBE) method decreases the fluoroscopy time by 51 sec. (= 41%) as well as decreases
EED by 35.5%.
Analysis of various methods of direct DCBE have shown that fluoroscopy time during the
contrasting phase is similar, in all of them: 38.5 ±1.2 sec.
As opposed to the above, we reached substantially different results in the diagnostic phase.
The differences have been found in some projections, their sequence and their objective.
Each author recommends use of a certain different projection for corresponding segment of
colon, despite the fact that all of them give the same radiographic image.
After studying the chronometric data, we found that the total fluoroscopy time in any
particular patient does not usually correlate with number of projections used.

Table # 1: Methods and projections for colon examination and mean fluoroscopy time

Method
Fisher-Weber
Wellin-Brown
Margulis, Burhenne
Laufer
Chapman
Gelfand, Chen, Ott

Number of projections
8
10
9
13
12
12

Fluoroscopy time (sec)
122.0
71.0
85.0
108.1
113.5
116.9

According to our and other authors data, there is no direct correlation between the diagnostic
sensitivity and specificity, the number of projections and the fluoroscopy time in any
examination. We performed EED evaluation in different projections and on different
segments of the colon.

Table # 2: Dependence of EED on patient projection

Segment of Colon
Ascending colon
Descending colon (proximal segment)
Descending colon (distal segment)

Rectosigmoid

PA
PA
PA

PA

Projection

Lt Lat.

RPO
LPO
LPO

AP

EED
18.0
18.0
65.0

(mSv)
13.0
14.0
43.0

34.5
69.0 133.0

Table 2 shows the inequality of the projection in comparison with the EED. The oblique
projections carry less EED than the PA and AP projections. The lateral projections enable us
to reach lower levels of EED - by 22%.
We found the highest level of EED in the AP projection while performing rectosigmoid
colon. The gonads and 60% of the bone marrow receive direct radiation in this projection. In
this projection the gonads are closer to the x-ray source and recieve a 91% increase in EED.
During the application of our method, and after examining the other proposed methods, we
chose those projection criteria which gave the lowest possible exposure dose to the patient. In
addition, we conducted standardized procedures of the examinations, both in the contrast
phase, as well as in the diagnostic phase (radiography), which enabled us to decrease the
fluoroscopy time.

Table # 3: Proposed Method of DCBE

Projection
LPO

Segment of Colon
Proximal sigmoid colon
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LPO - 200
RPO
RPO upright
RPO upright
LPO upright
Rt Lateral Decubitus
Lt Lateral Decubitis

Cecum, ascending colon
Transverse colon
Rectum, rectosigmoid
Hepatic flexure
Splenic flexure
Central view
Central view

We suggest a variant for patients who are unable to move.
In our study we examined more than 100 patients with various pathologies of the colon. The
mean fluoroscopy time was 77 sec. We performed our measurements on the tissue equivalent
phantom and during barium enemas, and registered dosimetric data regarding the organ dose
and EED.

Table # 4: Organ dose and EED in proposed direct DCBE method

Bone Marrow
Lungs
Breast
Thyroid
Gonads (M)
Gonads (F)
Other organs

Organ dose
23.6
0.6
0.6
0.6
1.14
37.2
20.7

EED
ALL EED LEVELS

WERE EXACTLY THE
SAME IN ALL CASES:

14.7 mSv

Table #5: Comparison of different direct DCBE methods (measured by authors)

Method

Wellin-Brown
Margulis, Burhenne
Laufer
Chapman
Gelfand et al
Bartal, Ben-Hasid

No. of Projections

10
9
13
12
12
8

Fluoroscopy time
(sec)
71
86
108

113.5
117
77

EED (mSv)

19.04
19.06
37.4
22.7
28.0
14.7

After studying our results, we found that the EED does not always correlate with the
fluoroscopy time.
Comparison of data from the Fisher-Weber and Margulis, Burhenne methods, shows that an
increase of fluoroscopy time by 15 sec did not show an increase in EED.
Comparison of Chapman and Gelfand methods, using the same number of projections (12),
shows that with an increase of fluoroscopy time by 3.5 sec, the EED also increased - by 5.3
mSv (29.9%).
Comparison of the proposed method with the Margulis - Burhenne method shows, that while
using almost the same number of projections (our method: 8; Marg.&Burh. method: 9), there
was a decrease in fluoroscopy time by 9 seconds, but the EED decreased by 22.8% (table 5).

The Laufer method gave the highest EED. This method used more projections, as well as
types of projections, which giving highest EED to the patient (table 5).
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Conclusions:

1. Morbidity of colon cancer and number of radiologic examinations of the colon continue to
increase. We suggest a modified method of DCBE.

2. The exposure dose to the patient may be used as a criterion in choosing the patient
projection. The proposed method uses the lowest organ radiation exposure patient
positioning.

3. Our results show that the Wellin-Brown direct DCBE method reduces EED to the patient
by 35.4%.

4. Our proposed method shows an even further decrease in EED, by 22.8%, compared to the
Wellin-Brown method, and a 57.6% decrease in EED, compared to bi-phasic barium
enema.

5. We present a modified standardized direct DCBE method, with significantly reduced EED
levels, while maintaining high diagnostic accuracy of the barium enema study.
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