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Prolonged colonic transit can be caused either by slow transit
constipation or by pelvic outlet obstruction needing different thera-
peutic regimes. The aim of this study was to prove the value of
scintigraphic assessment. Methods: Colon scintigraphy was per-
formed in 32 patients (28 women, 4 men; age range 8-68 yr) with
idiopathic constipation at 8, 24 and 48 hr in ventral and dorsal
projection after oral administration of a pH-sensitive, methacrylate-
coated capsule of nonresorbabile ' 'In-labeled polystyrene (cathion
exchanger) micropellets (3.5 MBg/capsule). The geometric center
(GC) as the sum of products of colon segment activity and colon
segment number (1 = colon ascendens; 2 = transverse colon; 3 =
colon descendens; 4 = rectosigmoid colon; and 5 = stool) dividing
by the total counts was used to determine the velocity of colonic
transit at least at 24 hr as the proximal colonic emptying (PCE) rates.
Stool activity was evaluated indirectly as decay-corrected colon
activity loss between two examinations. Results were compared
with data obtained from 22 healthy subjects. Results: Twenty-six
patients had a significant prolongation of colonic transit after 24 and
48 hr (the 95% confidence interval of the patient's GC showed no
overlap to the 95% confidence interval of GC calculated from 22
healthy controls as normal range) revealing slow transit constipation.
Six patients had normal or accelerated transit (GCs and PCE rates)
up to the rectum but delayed rectal emptying indicating pelvic outiet
obstruction. Conclusion: By the help of this method it was possible
to differentiate the two subtypes of colon transit prolongation by use
of the reported scintigraphic technique, which leads to different
therapeutic management of the patients. Compared with x-ray
methods (Hinton test), this method has the capability of a continuous
observation of colonic transit without increasing radiation exposure.
Key Words: colon transit; constipation; scintigraphy; proximal co-
lonic emptying
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’I;le clinical syndrome of constipation can be caused by
prolonged gastric emptying, pathologic alterations of jejuno-
ileal transit or delayed colonic transport. Exact localization of
prolonged transit gives a hint on the basic disease. Prolongation
of colonic transit can be caused either by slow transit consti-
pation or by pelvic outlet obstruction. The differentiation
between these two subtypes is necessary for prescribing the
appropiate therapy. For example, bio-feedback therapy (training
of rectal emptying) for patients having pelvic outlet obstruction
and changes of alimentation or medication in patients with slow
transit constipation.

The aim of this study was to test whether the method of
selective scintigraphic assessment of colon transit using '''In-
labeled polystyrene micropellets is useful for this differentiation
in clinical practice (/-6).
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MATERIALS AND METHODS
Patients

Thirty two patients (28 women, 4 men; mean age * | sd. =
42 * 15 yr; age range 8-68 yr) with clinical suspicion of
idiopathic constipation were entered into this study. The time
intervals between defecation must exceed 5 days as criterion for
entering the study. Data collected in 22 healthy subjects served as
a reference for normals.

Capsule Preparation

The day before examination, about 4.5 MBq of '''In were
adsorbed on polystyrene micropellets (cathion exchanger), result-
ing in 3.5 MBq at the day of administration. A fine suture was fixed
at one end of the capsule before filling of the capsule with the
micropellets. After closing the filled capsule, it was dipped into
liquid methacrylate. This pH-sensitive coating (methacrylate) pro-
tects the capsule from dissolving until arrival in the cecum. Then
the capsule was suspended by the fixed suture until time of
application (the following morning). Before application, the suture
was cut near to the capsule. This technique of preparation has been
developed by von der Ohe and Camilleri (6).

Imaging

Planar scintigrams (ventral and dorsal images, time of acquisi-
tion = 120 sec) were obtained at 8, 24 and 48 hr after administra-
tion of the capsule in upright patient position.

Quantification

Each colonic segment’s activity (SA) was defined on the
scintigraphic images by drawing irregular regions of interest
(ROIs) on the ventral and dorsal views and then calculating the
geometric means for each segment. The geometric means were
used instead of the arithmetic means with respect to the exponential
attenuation of the activity in the tissue of the patient. If the patient
had a bowel movement between two imaging sessions, excreted
activity was calculated as the decay-corrected differences between
expected and measured bowel activities. For determining the
velocity of colonic transit up to the time points of measurement (8,
24 and 48 hr), the geometric center (GC) is calculated by adding
the products of SA (geometric means) and segment number (SN)
(SN 1 = colon ascendens; SN 2 = transversum; SN 3 =
descendens; SN 4 = rectosigmoid; SN 5 = stool) in each colon
segment with subsequent division by the total activity:

C_(SNI><SAI)+...+(SN5>(SA5)

SAI + ...+ SAS Fa.1
A low value for the GC at a certain time point indicates a
prolonged transit, a high value to the contrary.
Furthermore, the proximal colonic emptying (PCE) was deter-
mined at 24 hr according to the formula
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FIGURE 1. Proximal colonic emptying
(PCE) versus geometric center (GC) at 24
hr with marked nommal ranges of both
parameters. PCE rates seem to be more

sensitive than determination of GC in de- 05
tection of accelerated colonic transit.
Several patients with normal GC had el-

evated PCE rates (and other ones with 0 05 M
diminished GC normal PCE, respective-
ly). Comrelation coefficient = 0.8706.

(DSC + RSC + STO) X 100

PCE = (ASC + TRA + DSC + RSC + STO) X 24 hr

[%/hr).
Eq. 2

ASC = ascending; TRA = transversal; DSC = descending;
RSC = rectosigmoid colon; STO = stool):

A 100% retention in the proximal colon yields a PCE = 0 and
a complete emptying of the proximal colon yields a PCE =~ 4. As
mentioned above, stool activity was calculated indirectly as decay-
corrected loss of activity between two examinations, the activities
of the other colon segments were calculated as geometric means of
the irregular ROIls in anterior and posterior views. According to
Vassallo et al. (5), 1.1% * 0.5%/hr was taken as reference for PCE.

At times, small amounts of activity could be registered only in
one projection (ventral or dorsal). If the counting rate in the
projection without activity is set to zero, the value for geometric
mean would be zero as well. In these cases, the ROI of the image
with activity would be applied as the mirror image on the
analogous region in the other projection. Because only scattered
activity is present is this mirrored ROI, this leads to a registration
of low amounts of activity and, therefore, the values for the
geometric means are closer to the real situation (presence of a little
filling) than if they are zero. Such problems would disappear if the
arithmetric mean is calculated but this is not possible with respect
to the attenuation correction.

RESULTS

In all cases, a complete dissolution of the capsule could be
stated in the terminal ileum or caecum after 24 hr. The GC and
PCE values showed a good correlation (correlation coeffi-
cient = 0.8706) and are plotted in Figure 1. The simultaneous
normal range “normal area” of both variables is marked with
“normal” in this graph. Patients with very slow transit had no
emptying of the proximal colon (PCE = 0). Patients with PCE
rates exceeding O can be differentiated more exactly using the
PCE ranges as reference because more patients had pathologi-
cally elevated PCE rates than GCs. This was the reason for
judging patients to have a pelvic outlet obstruction by means of
the PCE rates.

A majority (n = 26) of patients had diminished GC and PCE
rates at 24 hr (Table 1). Six patients with elevated PCE rates at
24 hr had normal (n = 5) or elevated (n = 1) GCs at 24 hr.
These six patients were considered to have a pelvic outlet
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obstruction, which was confirmed by anorectal manometry and
defecography.

In Table 2, the results of colonic transit measurement for the
slow transit constipation and pelvic outlet obstruction groups
are given compared with the values of the reference group.
Because of the low number of patients having pelvic outlet
obstruction, the best statistical method seems to be the compar-
ison of the confidence intervals (mean * 2 X s.e.m.). There-
fore, the Student’s t-test should give only a second hint for
judging the difference of the GCs from 4 hr to 48 hr and the
PCE rates at 24 hr between both groups. Comparing the results
at 24 hr of the both groups with the reference collective, the
slow transit constipation group indicated both diminished GCs
and PCE rates, whereas the pelvic outlet obstruction group
showed elevated PCE rates and normal GCs.

Typical findings in scintigraphic assessment of patients with
slow transit constipation are demonstrated in Figure 2A-C. The
main part of activity remains in the ascending colon and right
flexure up to 48 hr. Figure 2D-F shows the corresponding
scintigraphic findings of patients with suspicion of pelvic outlet
obstruction. In all patients, the dissolution of the capsule could
be seen in the acquisition at 24 hr.

DISCUSSION

Causes for constipation are often unknown (7). Several drugs
such as lactulose (8), cisapride (9) and some liquids (/0) can
accelerate colonic transit, other ones as morphine (//) or
verapamil (/2) can cause transit prolongation [overview in
(6,13,14)]. Velocity of colonic transit is variable even in
normals (/5,16) and does not depend of lipids (/,/7). Several
diseases, as Crohn colitis (/8), ulcerative colitis (/9), irritable
colon (20), and diabetes (2/) can affect colonic transit (22).

Scintigraphic examinations of colonic transit are described
with ™Tc-diethylenetriamine pentaacetic acid (DTPA) (23),
""[n-DTPA (24-26), *™Tc-mesalazine (27), '*'I-cellulose
(28,29) or *™Tc-sulfur colloids (24,30). The missing encapsu-
lation would lead to an increased radiation exposure of the
stomach and small bowel, which are not the subject of exami-
nation. Furthermore, some of them are resorbable and cause
additionally unnecessary radiation exposure.

The use of nonresorbable '''In-labeled polystyrene micropel-
lets diminishes radiation exposure and is suitable even in
constipated patients (/-6). Because of the storage function of
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TABLE 1
Patient Data Geometric Center (GC) and Proximal Colonic Emptying (PCE) at 24 Hr

GC at 24 hr PCE at 24 hr (%/hr)
Patient (2.83 = 0.59 (1.1+05%
no. Sex Age (yn) | = 1 | = 1 Diagnosis
1 F 24 1.59 0.00 Slow transit constipation
2 F 22 1.59 0.00 Slow transit constipation
3 F 25 3.13 3.44 Pelvic outlet obstruction
4 F 8 1.06 0.00 Slow transit constipation
5 F 54 1.78 0.00 Slow transit constipation
6 F 46 1.30 0.00 Slow transit constipation
7 F 32 1.62 0.00 Slow transit constipation
8 M 46 1.00 0.00 Slow transit constipation
9 F 38 1.83 1.04 Slow transit constipation
10 F 63 1.74 0.82 Slow transit constipation
1 M 66 3.13 3.08 Pelvic outlet obstruction
12 F 35 1.51 0.00 Slow transit constipation
13 F 33 1.56 0.00 Slow transit constipation
14 M 40 1.35 0.13 Slow transit constipation
15 F 21 4.18 3.89 Pelvic outlet obstruction
16 F 63 1.95 0.00 Slow transit constipation
17 F 43 1.59 0.82 Slow transit constipation
18 F 52 2.18 1.52 Slow transit constipation
19 F 31 1.30 0.00 Slow transit constipation
20 F 29 1.15 0.00 Slow transit constipation
21 F 30 1.30 0.00 Slow transit constipation
22 F 46 1.22 0.00 Slow transit constipation
23 F 68 1.60 0.00 Slow transit constipation
24 F 50 1.40 0.00 Slow transit constipation
25 F 33 1.57 0.00 Slow transit constipation
26 F 43 257 1.96 Pelvic outlet obstruction
27 F 57 1.91 0.00 Slow transit constipation
28 F 45 241 2.16 Pelvic outlet obstruction
29 F 26 1.15 0.00 Slow transit constipation
30 M 51 3.02 337 Pelvic outlet obstruction
31 F 58 1.17 0.00 Slow transit constipation
32 F 57 1.28 0.00 Slow transit constipation
Female (n = 28) Minimum 8.13 1.00 0.00 Slow transit constipation (n = 26)
Male (n = 4) Mean 41.70 1.80 0.70 Pelvic outlet obstruction (n = 6)
Maximum 67.78 4.18 3.89
s.d. 14.93 0.72 1.21
s.em. 264 0.13 0.21

*Mean * 2s.em.

Values below the normal limits are marked with | ; values within the normal limits are marked with = and values exceeding the normal limits are marked

with 1.

the ascending and transverse colon (37), the applied capsule has
time enough to dissolve in this region.

To validate this method, the values obtained for colonic
transit were compared with the radiopaque marker method
using an univariate linear regression analysis (4). Hereby, a
significant correlation (slope = 0.85, r = 0.73, p = 0.04) could
be found. On the other hand, the transit of radiopaque markers
was significantly faster than the transport of the activity in that
study (Student’s t-test, p < 0.05).

In this study, a good differentiation between the patients with
slow transit constipation and pelvic outlet obstruction of the
preselected constipated subjects (criterion for entering the study
were intervals of defecation exceeding 5 days) was possible
already by 24 hr. Compared with the reference collective of
normal subjects, the slow transit constipation group showed
diminished GCs and PCE rates at 24 hr, whereas the pelvic outlet
obstruction group had an acceleration of colonic transit at 24 hr,
which might be explained as a neurologic compensation for the
simultaneously delayed rectal emptying. If the presented method
should be applied in unselected patients to search for the presence

of a constipation at all, delayed images up to 72 hr are necessary
in cases of delayed rectal emptying (pelvic outlet obstruction).

Technetium-99m was not used in patients with constipation
due to its too short physical half-time. In relation to the desired
small amounts of activity, '''In seems to be very expensive. As
a proposal for practical use, several patients can be examined on
one date. For urgent cases only, the time of capsule preparation
can be combined with the delivery of '''In for other examina-
tions (for instance '''In somatostatin imaging), because the
amount of necessary activity of '!''In is much less compared to
those for somatostatin labeling.

Radiation Exposure

In subjects with normal transit, the effective dose is approx-
imately to 1 mSv (32). As comparison, one conventional anterior-
posterior radiography of the abdominal region during Hinton’s test
(sensitivity class = S 400; acquisition voltage = 75 kV) yields an
effective dose of about 0.3 mSv (33,34). If 3—4 radiographs are
considered to be necessary during a normal Hinton test, the
presented method has a slightly higher radiation exposure.
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TABLE 2
Values of Geometric Center (GC) and Proximal Colonic Emptying (PCE) Rate of Patients with Slow Transit Constipation and Pelvic
Outlet Obstruction and Normal Controls*

GC - 4hr GC - 8hr GC - 24 hr PCE — 24 hr GC — 48 hr

Slow transit constipation n 10 12 26 26 16

Mean 1.58 1.26 1.51 0.17 0.88

s.d. 0.25 0.34 0.29 0.40 0.82

2 X sem. 0.16 0.20 0.11 0.16 0.41

mean * 2 s.em. 142-1.74 1.06-1.46 1.40-1.62 0.01-0.33 0.47-1.29
Pelvic outlet obstruction n 3 6 6 6 3

Mean 1.25 1.68 3.07 2.98 3.27

s.d. 0.32 0.44 0.62 0.76 1.09

2 X s.em. 0.37 0.36 0.51 0.62 1.26

mean * 2 s.e.m. 0.88-1.62 1.32-2.04 2.56-3.58 2.36-3.60 2.01-4.53
Reference group n — 22 22 t 22

mean — 1.48 2.83 111 4.07

mean * 2 s.em. — 1.37-1.59 2.33-3.33 0.60-1.60" 3.51-5.19
Student's t-test P2 0.68983 0.07853 0.00093 0.00012 0.24904

*No overlap of the confidence intervals of the slow transit constipation patients comparing to the normal range can be stated at 24 hr and 48 hr, whereas
pelvic outlet obstruction patients had normal GC and PCE rates at 24 hr. Significant differences between both groups can be found at 24 hr.

TAccording to Vassollo et al. (5).

GC — x hr = value of the GC at x hrs.

The Student’s t-test compares the slow transit constipation group with the pelvic obstruction group.

CONCLUSION to different and more individualized therapeutic regimes of the

The reported method seems to be useful in the differentiation  patients. Comparing with roentgenologic assessment (Hinton’s
of prolonged colon transit and is not invasive. A proximal delay test), a continuous registration of colon transit is possible using
of colon transit (slow transit constipation) can be distinguished this scintigraphic method without any increase in radiation
from a distal delay (pelvic outlet obstruction), which may lead exposure.

Examples

(RVL projection, * = delayed transit) |
Time after admin. of capsule: 8 h 24 h 48 h ‘

‘ slow transit
. constipation
|

pelvic outlet
obstruction

FIGURE 2. (A-C) Example of a female patient having slow transit constipation (Patient 19, 31-yr-old) ventral projections at 8, 24 and 48 hr. Twenty-four hours
after oral administration of activity, most activity still remains in the cecum. After 48 hr, most of activity has only reached the right colonic fiexure. (D-F) Example
of a female patient having pelvic outlet obstruction (Patient 15, 21-yr-old) ventral projections at 8, 24 and 48 hr. Patient with normal transit velocity up to the
rectum. Activity persists in the rectum until 48 hr after oral administration of the capsule. *Indicates a delayed transit. RVL = right-ventral-left view.
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Reproducibility

of Technetium-99m-MAG3

Clearance Using the Bubeck Method

Edgar Wemer, Christiana Blasl and Christoph Reiners

Clinic for Nuclear Medicine, University of Wiirzburg, Wiirzburg, Germany

The objective of this study was to estimate the reproducibility of
99mTc-mercaptoacetyitriglycine (**™Tc-MAGS3) clearance calculated
using a single-sample method. Methods: One hundred forty-seven
patients with urological or ear, nose and throat cancer were ana-
lyzed in a retrospective study. Each patient had at least two
clearance studies with ®®*™Tc-MAG3 before chemotherapy treat-
ments to monitor renal function. Up to five clearance studies per
patient were considered. The reproducibility was estimated by
comparing two consecutive i igations. Pairs of investigations
with a change in split renal function of more than 5% or an interval
of more than 50 days were excluded. Clearance was determined
using the Bubeck method. For each pair of consecutive clearance
data, the difference between the first and the second measurements
was expressed as a percentage of the mean value of the two
measurements. The mean of these normalized differences repre-
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sents the systematic deviation, and the s.d. represents the repro-
ducibility of the compared clearances. Results: After the selection,
242 pairs of consecutive clearance data remained for comparison.
Significantly different clearances were observed only between in-
vestigations 0 and 1 and between 4 and 5. The systematic deviation
of these comparisons totaled —3.8% and —5.7%, respectively. In
the other comparisons, no significant deviation induced by the
chemotherapy was found. The reproducibility calculated for all
comparisons totaled 11.7%. Conclusion: The error of reproducibil-
ity of ®™Tc-MAG3 clearance using the Bubeck method was
=11.7%. This was an acceptable value, taking into account the
greater fluctuation of tubular function compared with the glomerular
filtration rate.

Key Words: clearance studies; technetium-99m-MAG3; Bubeck
method

J Nucl Med 1998; 39:1066-1069

1066 THe JOURNAL OF NUCLEAR MEDICINE ¢ Vol. 39 « No. 6 + June 1998





