
he most common therapeutic modality for ulcerative
colitis (UC) treatment, both in remission and in active
phases of the disease, is 5-aminosalicylic acid (5-ASA)
(1â€”5).5-ASA is alsoadministeredin topical formulationsas
suppositories or as enemas in UC patients with colectomy
and ileorectal anastomosis (IRA). In unoperated UC patients
the reported spread and absorption of topical 5-ASA fonnu
lations have varied (6â€”14),and dose-related nephrotoxicity
was reported in chronic treatment (15, 16). Systemic absorp
tion depends on the pH of the enema solution (9) and on the
inflammatory status of the intestinal mucosa (6). The
retrograde spread of enemas along the colon is volume
dependent (10), and a 60-mL radioenema always reaches the
splenic flexure in UC patients with unoperated colon (12).
The anatomic situation after IRA can favor the retrograde
spread of enemas toward the distal ileum even when small
volumes are administered. At present little is known about
the ileal spread of enemas in UC patients with IRA, and it is
unclear whether the absorption of topical drugs differs from
that in unoperated patients. Experimental data suggest a
different absorption rate in small intestine compared with
colon (7,8). In fact, 5-ASA instillation in the proximal small
bowel resulted in higher plasma levels of the drug than that
obtained by enema administration. The aim of this study was
to assess and correlate the absorption of 5-ASA with its ileal
spread after a therapeutic enema by 99mTcenema imaging in
UC patients with IRA.

MATERIALS AND METHODS

Eight patients (six men, two women; mean age 45 y; range
22â€”76y) with UC in endoscopic remission and IRA were enrolled
in the study after informed consent was obtained by the local ethics
committee. Colectomy and IRA had been performed 3â€”7y
previously in every patient by the same surgical team, and in all
patients the length of the rectal remnant, measured by a rigid
endoscope, was 13â€”15cm. Six patients had two bowel movements
a day, and two patients had three to five bowel movements a day.
Any treatment with 5-ASA was discontinued at least 48 h before
the study. Hemoglobin, leukocyte count, platelet count and erythro
cyte sedimentation rate were in the normal range, and the liver and

Ileorectal anastomosis (IRA) is a possible surgical treatment for
hyperacute and drug-unresponsive forms of ulcerative colitis
(UC).UC relapsesin the rectal remnantusuallyare preventedby
chronic administrationof 5-aminosalicylicacid (5-ASA)in topical
formulations. The relationships between intestinal absorption
andpatternofluminalspreadof5-ASAenemasarestillunknown
in patients with IRA. We correlated the absorption of a 5-ASA
enema with its spread in the distal bowel of patientswith IRAas
assessedby @Tcradioenemaimaging.Methods:Eightpatients
with UC in remission and previous IRA received a therapeutic
50-mL 5-ASAenema labeledwith @Tc-sulfercolloid.Absorbed
5-ASAand its majormetabolite,acetyl5-ASA,were measuredin
plasma, and dynamic images of radiolabeled enema were
obtained for 6 h. The retrograde ileal spread (RIS) was deter
minedand expressedas percentageof total enemaradioactivity.
Plasma levels of 5-ASAand acetyl 5-ASAwere measuredin six
healthy volunteers after administration of the same enema
volumewith no radiolabeling.Results: The mean5-ASAplasma
level was 0.70 pg/mL (range 0.37â€”0.95pg/mL) in patients and
0.96 pg/mL(range0.78â€”1.16 pg/mL) in healthyvolunteers (P =
not significant),and the mean acetyl 5-ASAplasma levels were
0.89 pg/mL(range 0.44â€”i.19 pg/mL)and 0.84 pg/mL(range
0.5iâ€”i.02pg/mL),respectively(P = notsignificant).Radioen
ema imaging allows RIS assessmentof patients with IRA. The
meanvalue was 8.5% (range2%â€”19.3%)of administeredradio
activity,which correlatedsignificantlywith the total absorptionof
5-ASAintheIRAgroup(P = 0.033, linearcorrelationtest).Rectal
wall contractions recognized by dynamic radioenema imaging
weredefinedasa commoncauseofRISepisodes.Conclusion:
In IRA patients, 5-ASA plasma levels were similar to those in
healthy volunteersafter administrationin enema. Only part of a
50-mL5-ASAenemareachestheileum,andradiolabeledimag
ing shows the degree and number of these RIS episodes.The
absorption of 5-ASA can increase in patients compared with
healthy volunteers, in the presence of either occasional but
significantileal spreadassociatedwith posturalfactorsand
abdominal wall contraction or multiple moderate episodes of
radioenemabackdiffusionrelatedto rectalwallmotility.
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(10,11). Becauseof the lack of visualizationof other abdominal
organs, the spread of the enema can be measured in segments of the
intestine proximal and distal to the IRA in each image of the study.
Scintigraphic images (128 X 128 matrix) of the abdomen were
acquired by a large-field-of-view gamma camera (General Electric
400 AC; General Electric Medical Systems, Milwaukee, WI)
equipped with a low-energy, high-resolution collimator and pro
cessed using a dedicated computer (General Electric 3000). Images
of the abdomen were acquired by positioning the detector over the
supine patient immediately after enema administration. The supine
position is the standard posture that allows the overnight action of
5-ASA administered in UC patients with IRA or unoperated colon
before sleep. A dynamic sequence (two images per minute centered
over the rectal and ileal regions) was obtained during the first hour
(in anterior projection) to study this condition. Static images of the
abdomen were taken in the same position every 60 mm for the next
5 h. A final static image of the abdomen was obtained after rectal
emptying. In all acquired frames, radioactivity counts were deter
mined in rectal and ileal regions of interest (ROIs) delimited
manually by two observers. The mean counts in ROIs (two
measurements per observer) were averaged and used to estimate
the retrograde reflux of radiolabeled enema from the rectal to the
ileal compartment. The averaged counts in the ileal ROI were
divided by the sum of ileal and rectal counts in ROIs to obtain the
percentage of the ileal spread. The percentage of radioenema
spread in the ileal region (%IS) was calculated in the first hour from
the early dynamic images; the mean %IS values of the second,
third, fourth, fifth and sixth hour were obtained from late static
images (Fig. 1). Rectal wall movements and related retrograde ileal
spread (1US) episodes were also assessed by screen analysis of the
first-hour sequence displayed in slow cine loop. The number of
these events was recorded in all patients in the first hour. The IRA
was localized properly in all patients at this time. The efficacy of
final rectal evacuation was expressed as the percentage of radioac
tivity removed from the rectal lumen; residual ileal radioactivity, if
detectable, was also measured in postevacuation images.

FIGURE1. ROlsandpercentageof repartitionof enemain
ileal (%lS)and rectalcompartmentsin patient2.

kidney functions were normal. All subjects were studied in the
morning, 60â€”90mm after a light breakfast. Immediately before
administration of the enema, each patient was asked to empty the
bowel. The 5-ASA enema used (Pentasa;Yamanouchi Pharma,
Milan, Italy) was a buffered solution (pH 4.6â€”4.7)with moderate
to-prolonged absorption of 5-ASA content (9). Radiolabeled col
bids were obtained by adding a @â€œTc-pertechnetatesolution to a
commercial kit containing rhenium sulfide (Sulfotec; Sorin Bio
medica, Saluggia, Italy). The suspension was boiled for 10 mm and
cooled at room temperature according to the manufacturer's
instructions. The final pH of the labeled product ranged from 3.5 to
6.0. A small volume (0.5â€”0.7mL) of radiolabeled colloids (30-40
MBq) was diluted in 50 mL Pentasa 4% enema, heated to 35Â°Cand
administered to subjects in the left lateral decubitus position. The
patients lay supine for 60 mm during early imaging and were then
free to walk or sit. After 4 h each had a light meal to standardize the
effect of gastrointestinal reflex during the study. At 6 h the patients
were asked to defecate.

Six healthy volunteers (two men, four women; mean age 28.5 y;
range 22â€”32y) served as the control group for only the pharmaco
kinetic part of the study. After giving informed consent, each
subject was given the same enema formulation without the addition
of radiolabeled colloids. Blood samples were obtained as in the
patient group.

Analysis of Samples
Heparinized blood samples (7 mL) were taken immediately

before enema administration, at 30 and 60 mm and then hourly for
the following 5 h. Blood samples were centrifuged immediately for
10 mm at 3000 rpm, and the plasma obtained was stored at â€”80Â°C
to prevent 5-ASA degradation (14). 5-ASA and its major metabo
lite, acetyl 5-ASA (ac 5-ASA), were measured in plasma by high
performance liquid chromatography (HPLC). For all measure
ments of both compounds the sensitivity limit was 0.1 pg/mL.
Fresh standard solutions of 5-ASA(Giuliani SpA, Milan, Italy) and
ac 5-ASA were prepared on the day of the HPLC calibration
procedure. The latter compound was produced by adding acetic
anhydride to a 5-ASA solution and checking the solution with
spectrometry. The two compounds were separated on a Waters
Nova-Pak C18 (3.9 X 150 mm, 4 pim) column with a Waters
Guard-Pak module with j.tBond-Pakas the guard column (Waters
Corp., Milford, MA). The pump was a Waters 510 model and the
detector was a Waters spectrofluorometer (emission wavelength
515 am, excitation wavelength 305 nm). The detector signals were
recorded and analyzed by Maxima 820 software (Waters Corp.).
The mobile phase was acetonitrile and water (10:90) containing
0.005 mol hexan-sulfonic acid and adjusted to pH 2.5 by orthophos
phoric acid; this was pumped through the column at 1 mL/min. All
assays were performed at room temperature.

Plasma samples (1 mL), after the addition of 100 i.tLconcen
trated perchloric acid to precipitate the serum proteins, were
vortexed and centrifuged for 5 tin at 3000 rpm; the supematant
was then filtered through a 0.45-pm filter and injected into the
HPLC device. 5-ASA absorption in patients and healthy volunteers
was expressed as area under the curve (AUC), which represents the
integral of the plasma concentration curve of each subject in the
period studied.

ScintigraphicImagingandAnalysisof EnemaSpread
99mTcsulfercolloid in enema is not absorbed or metabolized by

the colonic mucosa (13) and was therefore selected for assessment
of the volume distribution of enemas along the colonic lumen
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Statistical Methods
The plasma concentrations of 5-ASA and ac 5-ASA in patient

and control groups were expressed as mean Â±SE. Ileal spread
episodes per hour and rectal wall movement per hour were
expressed in patients as mean Â±SD. Correlation coefficients
between variables were determined by linear regression analysis.
Differences were considered significant at the P 0.d5 level.

RESULTS

All patients and healthy volunteers retained the enema for
the 6 h of the study without discomfort. As shown in Figure
2, the plasma levels of ac 5-ASA were higher than those of
5-ASA from 1 to 6 h. Peak concentrations of both com
pounds were observed at 3 h, and the subsequent decline in
the values was similar for both compounds. The mean ac
5-ASA plasma level during the study was 0.89 @.tg/mL(range
0.44â€”1.19 jig/mL)in patientsand 0.84 pg/mL(range0.51â€”
1.02 j.ig/mL) in healthy volunteers. As expected, the 5-ASA
absorption varied moderately in healthy volunteers (AUC
range 3.78â€”8.62 @ig/mUh) and widely in patients (AUC
range 0.74â€”13.3 pg/mL/h) (Fig. 3). However, the mean
absorption values of the two groups were not significantly
different, although these values were slightly lower in the
patient group.

The mean %IS was 8.5% (SE 1.9; range 2%â€”19.3%)in
the 6-h period (Fig. 4). An early peak at 1 h was followed by
a second peak at 2 h; from the third hour onward the value
remained stable. In some patients and at the single time
points, the %IS varied more markedly than did the AUC
(range of mean %IS: first h, 2%â€”32.6%; third h, 2.3%â€”
15.8%) (Fig. 5). The %IS varied widely in only two patients
(Fig. 5). One of them, patient 6, suddenly sat up on the
gamma camera couch immediately after enema administra

0.5

FIGURE2. MeanplasmalevelsÂ±SEof5-aminosalicylicacid
(5-ASA) and acetyl-5-aminosalicylicacid (ac 5-ASA) in IRA
patients.
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FIGURE 3. 5-Aminosalicylicacid (5-ASA) plasmalevelsex
pressed as area under plasma concentration curve (AUC) in
patientsand healthyvolunteers(mean Â±SE).

tion. This movement determined the reflux of about 70% of
enema in the ileal lumen, as shown on scintigraphic images
(Fig. 6). Later, at 3 h, peristalsis took most radioactivity to
the rectum with a minimal ileal residue. By excluding this
patient from the calculation of the mean %IS, the early peak
at 1 h was abolished, whereas the peak at 2 h remained. The
data are consistent with a mild-to-moderate degree of RIS in
most patients; five of the eight patients had no %IS values
> 10% and reached the %IS peak 2 h after enema administra@

tion. A significant correlation was observed between the
mean %IS and 5-ASA AUC (P 0.033) during the study
(Fig. 7).

FIGURE4. %ISofenema(meanÂ±SE)inpatients.
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Rectal wall movement is defined scintigraphically as the
change of shape and diameter in a segment of the roughly
cylindric volume of the radioenema distributed between the
IRA and anus. The pattern is frequently cyclic: a first
concentric contraction is followed within 1â€”2mm by
recovery of the original appearance of the rectal segment,
possibly related to muscular wall relaxation. The functional
efficacy of these cyclic contractions to produce an ileal
spread episode was graded by the amount of the radioenema
observed above the IRA, thus defining rectal wall move
ments with associated ileal spread episodes (RWM+) and
without ileal spread (RWMâ€”).The number ofrectal contrac
tions without ileal spread during the first hour varied
moderately in supine patients (mean 12.1, range 9â€”21)and
was higher than the number of RWM+ (mean 3.8, range

2â€”il); the latter represented only 29% (range 22%â€”43%)of
the total rectal movements shown by scintigraphic imaging.

The small patient number precludes further correlation
between RWM+ episodes and AUC values, even though the
highest AUC value was observed in the patient with the most
RWM+ episodes (Fig. 8).

The mean rectal evacuation efficacy at 6 h was 86.7% Â±
8.8% (range 25%â€”l00%). Rectal evacuation values were
>88% in seven of the eight patients. Residual ileal radioac
tivity (1.7% and 7.9%) was observed in two patients after
rectal evacuation.

DISCUSSION

IRA is a therapeutic option used in the surgical treatment
of UC in some patients, mainly in those patients in whom an

4
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FIGURE 6. Scintigraphicimagesof pa
tient 6 obtainedin first hour. Large buttransientretrogradeilealspread(RIS)in
first minutes after radioenema administra
tion was causedby suddensittingup on
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volunteers, possibly related to different degrees of retro
grade enema distribution along the colon at different times
than those reported in UC patients (11, 12). The variability in
5-ASA levels in plasma seems higher in this study with IRA
and is possibly related to anatomic factors, such as the
reduced absorption surface of the rectal remnant or the
reduced molding activity in its lumen (or both). These
anatomic factors could explain a normal or reduced absorp
tion rate of 5-ASA enema but not the transient or stable
increase, reaching levels twice as high as the mean normal
value, observed in some patients with IRA (e.g., patient 2,
Fig. 5). 5-ASA plasma levels and ileorectal repartition of the
radioenema volume, derived from scintigraphic images,
correlated in patients up to 6 h after administration, i.e.,
lower AUC values were seen in patients with less numerous
and less extensive RIS episodes.

Apparently, IRA reduced or did not influence the mean
5-ASA intestinal absorption in the patient group compared
with that of the control group with unoperated colon.
However, the occurrence of increased absorption in a
minority of patients after 5-ASA enema and the significant
correlation between %IS and 5-ASA AUC (Fig. 7) led us to
hypothesize that ileal spread of enema increases the absorp
tion surface for the drug and also causes a net increase in the
absorption rate of 5-ASA from the ileal lumen. This
hypothesis agrees with experimental data that attribute a
nearly sevenfold higher efficiency for 5-ASA transport to
ileal mucosa than to colonic mucosa (17). Because the
enema diffusion in the rectal remnant and along the unoper
ated colon differs as well, radiocolloids were not adminis
tered to the healthy volunteers. Moreover, the volumes of
therapeutic enemas (200â€”250mL) given to UC patients with
unoperated colon differ from those administered after IRA
(30â€”100mL), and radioenema imaging never showed ileal
spread in UC patients with unoperated colon (11, 12). For

FIGURE7. Correlationbetweenabsorptionof5-aminosalicylic
acid(5-ASA),expressedasAUC(areaunderplasmaconcentra
tioncurve),and RIS, expressedas mean%IS of totalcountsin
distal bowel.

ileoanal anastomosis with ileal pouch is not indicated
because of clinical or individual reasons. Almost all patients
with IRA are still treated with 5-ASA in enema or supposi
tory formulations to prevent UC relapse in the rectal
remnant. To our knowledge, the absorption and spread of
5-ASA enemas have not been studied in these patients.

The efficiency of 5-ASA transport is greater in the ileal
epithelium than in the colonic epithelium, which suggests
that abundant ileal spread after IRA could cause a consider
able increase in 5-ASA absorption from the ileum and
possible long-term side effects (15,16). Some variability of
the 5-ASA absorption rate was observed in our healthy

RWM.- I I
without RIS

19mm 23mm 27mm

RWM+
with mild RIS eâ€¢@ 1@
(%IS = 12.8%)

17mm 21mm 25mm
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withwideRlS d' â€¢@ .S
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FIGURE8. Scintigraphicimagesof pa
tient2 obtaineddunngfirsthourshowrectal
wallmovementwithretrogradeilealspread
(RIS) (RWM+) or withoutRIS (RWMâ€”).
Rectalwallmovementis indicatedby solid
arrows;possibleileaispreadisindicatedby
openarrows.
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incidental occurrence of a major episode soon after sitting
up underlines their importance and merits further attention,
even if small-volume enemas are administered. In this case,
an increased value of plasma 5-ASA was observed only in
the following 2 h (patient 6, Fig. 5); subsequently, the
5-ASA level as well as the %IS values decreased.

The rectal evacuation efficiency at the end of the study
was assessed by pre- and postevacuation images. The
radioactive enema was completely eliminated from the
rectum (>97%) in six of the eight IRA patients. This result
confirms the cessation of the topical effect of 5-ASA enema
after rectal emptying in most subjects. By contrast, UC
patients with unoperated colon, treated with large-volume
enemas, had increased colonic retention after emptying, thus
protracting the topical effect of 5-ASA for hours (11â€”13).
The best topical effect of 5-ASA on the rectal remnant of
IRA patients could be achieved by giving 5-ASA in enema
or suppository early after each bowel movement.

CONCLUSION

Ileal absorption of 5-ASA after administration by enema
seemsto be a relevantfeaturein UC patientswith IRA.The
intestinal spread and volume distribution of enemas in
subjects with IRA can be effectively assessed by nuclear
imaging after labeling the enema with @Â°Tc-sulfercolloid. A
therapeutic buffered 50-mL 5-ASA formulation showed a
variable but significant RIS in the patients studied. Major
episodes of retrograde spread were shown and graded by
scintigraphic imaging in some patients, in whom 5-ASA
plasma levels were higher than those of healthy volunteers
during the,arly and late phases of the study. Ileal spread
values denved from scintigraphic images correlated posi
tively with 5-ASA plasma levels in the patient group,
supporting the hypothesis that the 5-ASA absorption in
creases when part of the enema is moved proximally to the
IRA by rectal contractions. The mean 5-ASA plasma level
duringenemaretentionwas slightlyreducedin the patients
compared with the control group, although occasionally a
twofold increase with respect to the mean normal values was
observed in the presence of extensive or multiple episodes
(or both) of ileal reflux. The intrinsic motility of the rectal
wall remnant and some postural changes can be major
causes of ileal spread, recognized by radiolabeled enema
imaging in UC patients in remission with IRA.
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