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The rate of treatment failure in acute exacerbation of ulcer-
ative colitis (UC) still reaches 20%-30%. Early identification
of nonresponders to therapy is important, since intensified or
other medical treatment or, ultimately, colectomy should be
considered to reduce morbidity. Because *mTc-hexamethyl-
propyleneamine oxime (®"Tc-HMPAO) white blood cell
(WBC) scintigraphy is accurate in determination of the sever-
ity and extent of UC lesions, the aim of this study was to
assess whether WBC scintigraphy can predict early treat-
ment failure in patients with an acute attack of UC. Methods:
We included 20 consecutive patients (7 women, 13 men;
mean age * SEM, 36.8 = 10.9 y) with a history of UC who
were hospitalized with severe exacerbations. All patients un-
derwent endoscopy and scintigraphy within 24 h of admis-
sion and 1 wk after beginning treatment. WBCs were labeled
with 200 MBq °*mTc-HMPAO. SPECT of the abdomen was
performed 60 min after WBC reinjection. Maximum tracer
uptake in the different colon segments was defined and
expressed as a ratio of lumbar bone marrow uptake. The
scintigraphic activity score (SAS) was expressed as the sum
of segmental colon uptake ratios. Scintigraphic evolution was
considered favorable when the SAS decreased by =50% and
SPECT uptake ratios after therapy were =1.5 per segment.
Rectosigmoidoscopy with biopsy was performed within 24 h
after scintigraphy. Results: Outcome analysis after 3 mo
showed 6 of 20 patients in clinical and endoscopic or histo-
logic (rectosigmoid) remission, without alteration of treatment
(responders). Of the other patients (nonresponders), 5 of 14
received a colectomy, 5 of 14 received prolonged or intensi-
fied treatment, and 4 of 14 received other treatment. In the
responders group, the SAS (determined 1 wk after beginning
therapy) significantly decreased in all patients. In the group of
nonresponders, 10 patients had an increase of >10% in the
SAS, 2 patients had an unchanged SAS, and 2 patients had
a decreased SAS of >10% but had a residual mean segmen-
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tal WBC uptake ratio of >1.5. There was a statistically sig-
nificant difference between the responders and nonre-
sponders (P < 0.01). Conclusion: Repeated °*mTc-HMPAO
scintigraphy seems to be able to predict therapy resistance in
UC within 1 wk after beginning treatment.
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Ulcerative colitis (UC) is a chronic inflammatory bowel
disease (IBD) characterized by periods of acute attacks and
remission (1). Treatment is mainly based on corticosteroids,
administered orally, parenterally, or rectaly (2). A rapid and
sustained response is usually seen within a few days after
initiation of treatment. However, the overall rate of steroid
treatment failure in acute exacerbations of UC remains high,
and 20%-30% of patients ultimately require surgery (3,4).
The introduction of cyclosporine as a potent immunosup-
pressive drug for treatment of corticosteroid-refractory UC
benefits the short-term management in 60%—-80% of pa-
tients (5,6).

Early identification of the patients with a severe exacer-
bation of UC who will respond to therapy remains difficult.
However, it is of great clinical importance to be able to
predict a need for step-up medical treatment or, ultimately,
colectomy at an early stage of the acute attack to reduce
morbidity (3,7).

Multiple clinical and laboratory parameters have been
suggested as valuable predictors of outcome with respect
to colectomy for assessment of glucocorticoid response.
Recent trials identified persistent high stool frequency,
bloody diarrhea, continued C-reactive protein (CRP) el-
evation, and sustained elevation of body temperature as
strongly predictive parameters of clinical steroid resis-
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tance in acute attacks of UC, with a high probability of
the ultimate need for colectomy (3,7). Clinical and lab-
oratory indices, however, seem relatively inaccurate in
assessment of disease severity at the tissue level (8).

White blood cell (WBC) scintigraphy has been shown
to be areliable and accurate determinant of the extent and
intensity of UC lesions, combining imaging of the af-
fected colon with a semiquantitative scoring of disease
activity (9,10). WBC scintigraphy has been shown to be
superior to the activity index and the gastroenterologist’s
clinical opinion for diagnosing active inflammation in
patients with I1BD (11).

An influx of neutrophils and other acute inflammatory
cellsin inflamed intestinal mucosais a prominent feature in
acute attacks of UC (12). Neutrophils are the predominant
effector cell within the active lesions of UC and probably
mediate most of the tissue damage (13). Therapeutic action
is based on reduction of inappropriate gut inflammation, by
means of glucocorticoids, immunomodulators such as cy-
closporine, or biologic therapeutic intervention in mucosal
homing (14,15). Because scintigraphy and histology corre-
late very well in this particular field, WBC scintigraphy
could become a reliable, noninvasive prognostic tool in
prediction of the therapeutic response and the follow-up of
treatment for UC.

The aim of this study was to determine whether WBC
scintigraphy can predict early treatment failure in patients
with acute attacks of UC.

MATERIALS AND METHODS

Subjects

We included 20 consecutive patients (13 men, 7 women;
mean age = SEM, 36.8 = 10.9 y) with a history of UC who
were hospitalized with severe exacerbations. A severe episode
was defined as an acute attack of UC with an activity score of
=10 (6). Exclusion criteria were toxic megacolon or perforation
evident on plain abdominal radiographs, infectious disease, and
use of intravenous steroids for >12 h before admission. Patients
with a history of bowel surgery were not included. All patients
gave written informed consent to participate in the study, which
was approved by the medical ethics committee of the Leuven
University Hospital.

The clinical activity score was determined on admission and
daily after initiation of therapy (6). For this study, only the activity
scores on admission and 1 wk after initiation of therapy were
recorded. A rectosigmoidoscopy with biopsy was performed
within 24 h of inclusion. The macroscopic appearance of the
mucosa was classified using a 4-grade scoring system (16). Mu-
cosal biopsy specimens obtained in the most severely affected
areas were also graded on a 4-point scale (8). All patients under-
went scintigraphy within 24 h after endoscopy. Rectosigmoidos-
copy with biopsy and scintigraphy were repeated 1 wk after
initiation of therapy. All scores (endoscopic, histologic, and scin-
tigraphic) were interpreted as grade 0, meaning norma bowel
mucosa, and grades 1-3, meaning mild, moderate, and severe
disease, respectively.

ScINTIGRAPHIC OuTcoME PrebicTion IN UC ¢ Bennink €t al.

Scintigraphic Test Procedure

The technique of labeling granulocytes in a mixed leuko-
cyte suspension using %°MTc-hexamethylpropyleneamine oxime
(°**"Tc-HMPAO) has been performed according to the consen-
sus protocol for leukocyte labeling (17). An average of 200 =+
10 MBq of %®mTc-labeled granulocytes was reinjected into the
patient.

Planar anterior and posterior 3-min images of the abdomen and
pelvis were obtained at 45 min after reinjection using a large-field-
of-view y-camera fitted with a low-energy, general-purpose colli-
mator. Just before scintigraphy, the patient was asked to void. The
45-min image was used for localization and determination of the
extent of bowel activity.

At 60 min after reinjection, SPECT was performed. A 360°
circular orbit was used acquiring 90 views of 40 s in a 30-min-
duration study. An image matrix of 64 X 64 pixelswas used. After
data acquisition, images were processed on a Trionix workstation
using filtered backprojection using a ramp reconstruction filter
with a Hamming window. Correction for attenuation was made
using the Chang technique with an attenuation coefficient of 0.12
cm~1 (18). Transaxial abdominal slices of 8.4-mm thickness were
reconstructed. After reconstruction, a 9-point smoothing was ap-
plied.

Scintigraphic Data Analysis

The planar scintigrams were evaluated by 2 physicians without
knowledge of the endoscopic, histologic, or clinical findings. On
SPECT images, the colon was divided into 5 segments: ascending
colon, transverse colon, descending colon, sigmoid, and rectum.
Tracer uptake was determined as described by Weldon (19) and
Weldon et a. (20). Therefore, the maximum counts per pixel in
each segment was measured using region-of-interest analysis of
serial transaxial slices to obtain the maximum value for each colon
segment. The SPECT segment uptake ratio was expressed as a
fraction of bone marrow activity, obtained by averaging the max-
imum counts in 5 transaxial slices of lumbar spine. All processing
was performed by the same observer.

The SPECT segment uptake ratio was converted into a seg-
mental SPECT severity score: grade 0, no uptake; grade 1,
uptake ratio = 0.326 = 0.19 (mean *= SD); grade 2, uptake
ratio = 1.11 *= 0.36; and grade 3, uptake ratio = 3.33 = 1.84
(19,20). This severity score was used for comparison of scin-
tigraphy and histology. For comparison of total colon uptake
before and after therapy, the pathologic segmental uptake ratios
were summed and expressed as the scintigraphic activity score
(SAS). The difference in the SAS before and 1 wk after begin-
ning treatment (ASAS) was expressed as the percentage change
in the SAS after therapy compared with the baseline scintigra-

phy.

Dosimetry

The radiation doses received by target organs—spleen, liver,
and bone marrowv—were 0.21, 0.025, and 0.023 mGy/MBq, re-
spectively (21). The effective dose equivaent was 0.011 mSv/
MBaq.

Management

Patients were double-blind randomized as part of another phar-
macotherapeutic trial and treated with either intravenous cortico-
steroids, 40 mg/d continuous infusion, or intravenous cyclospor-
ine, 4 mg/kg body weight. Cyclosporine was administered by
continuous infusion adjusted to blood levels between 200 and 300
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TABLE 1
Patient Characteristics

Patient no. Cliny* Cliny* Clinp* Dc* Segt Syt S,f ASASt Dst Outcomet
1 13 1 —-12 R 2 5.96 2.83 —53 R R
2 15 4 -11 R 4 27.52 24.61 -11 N Fc
3 10 5 -5 R 5 7.51 11.66 55 N Fa
4 15 11 —4 N 5 2.39 3.41 43 N Fa
5 1 10 -1 N 4 21.5 3.53 -84 R R
6 10 9 -1 N 4 7.33 3.01 —59 R R
7 16 9 -7 R 4 4.21 5.19 23 N Fa
8 1 12 1 N 5 12.31 11.86 —4 N Fc
9 10 7 -3 R 5 1.89 2.98 58 N Fa

10 15 7 -8 R 5 12.61 4.39 —65 R R
il 10 2 -8 R 4 7.82 22.6 189 N Fa
12 10 11 1 N 4 3.54 14.5 310 N Fc
13 1 6 -5 R 4 4.46 12.83 188 N Fa
14 16 11 -4 N 5 7.51 19.28 157 N Fa
15 20 12 -8 N 4 44.87 22.08 —51 N Fc
16 1 3 -7 R 5 411 8.1 97 N Fc
17 18 16 -2 N 4 11.09 12.02 8 N Fa
18 13 5 -8 R 5 9.28 1.78 —81 R R
19 12 7 -5 R 5 20.91 4.61 —-78 R R
20 10 6 -4 R 3 1.69 4.79 183 N Fa

*Cliny = clinical activity score upon inclusion; Clin, = 1 wk after beginning therapy; Clinp = difference in clinical activity score before and
after treatment; Dg = early response assessment based on clinical score.

TSeg = no. of colon segments affected on scintigraphy; S; = SAS upon inclusion; SAS, = SAS 1 wk after beginning therapy; ASAS =
percentage difference in SAS before and after treatment; Ds = early response assessment based on SAS.

*Clinical outcome at 3 mo: R = remission without changed management; Fo = remission with changed management; Fc = colectomy.

R = responder; N = nonresponder.

ng/mL by a physician not taking part in the direct patient man-
agement. Treatment was continued for 8 d and subsequently ad-
justed if necessary. Patients who had a clinical response in the
cyclosporine group were switched to oral cyclosporine, started at
adose of 8 mg/kg in 2 equally divided doses per day and adjusted
to serum levels between 200 and 350 ng/mL. Patients in the
corticosteroid group who had a clinical response were switched to
oral methylprednisolone, 32 mg/d for the first 3 wk and tapered by
4 mg/wk until discontinuation.

Outcome

After 7 d of treatment, patients were classified according to the
clinical activity score (6). Immediate clinical response to intensive
medical therapy was defined as improvement of the clinical activ-
ity score to ascore of <10 with adrop of at least 3 points, with the
ability to discharge the patient. Immediate scintigraphic response
was defined as adecrease in the SAS of >50% and aresidual mean
segmental WBC uptake ratio of <1.5. The scintigraphic response
was not used for immediate patient management decisions. After 3
mo, al patients were reviewed. For this study, patients were
considered responders when the initial treatment strategy led to
remission without alteration or intensification of the regimen.
Patients were considered nonresponders when the initial treatment
strategy needed to be intensified or changed to yield remission or
when patients required a colectomy.

Statistical Analysis

All results are expressed as mean = SEM values. The paired
samples t test was used to compare differences between activity
scores. Spearman rank correlation was used for statistical analysis
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of results. All statistical tests were 2-tailed and differences were
evaluated at the 5% level of significance.

RESULTS

Patient data are illustrated in Tables 1 and 2. Before
treatment, 10 patients had left-sided colitis and 10 patients
had pancolitis. The mean inflammatory activity determined

TABLE 2
Cyclosporine and Methylprednisolone Therapy:
Correlation of Various Parameters

Therapy

Parameter Cyclosporine Methylprednisolone
n 10 10
Age (y [range]) 37.10 = 3.01 [20-50] 39.6 + 5.19 [21-67]
Sex (M/F) 6/4 8/2
Cling 12.60 = 0.78 13.10 = 1.15
Endo; 2.20 + 0.25 2.60 = 0.16
Hist4 2.60 = 0.16 2.40 = 0.22
Scint4 10.32 £ 2.66 11.53 = 4.08
Segm 4.30 = 0.30 4.30 = 0.18
Cliny = clinical activity score upon inclusion; Endo; = endo-

scopic activity score upon inclusion; Hist; = histologic activity score
upon inclusion; Scint; = scintigraphic disease activity score upon
inclusion; Segm = no. of affected segments on scintigraphy.
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clinically using the numeric symptom score was 12.85 =+
0.68 (mean = SEM). Upon inclusion, there was a significant
correlation between planar scintigraphic (data not shown)
and histologic indices of disease intensity of the rectosig-
moid (r = 0.64, P < 0.01) before treatment. There was an
even better correlation between SPECT-derived scinti-
graphic and histologic indices of disease intensity of the
rectosigmoid (r = 0.80, P < 0.01). One week after therapy,
there was an excellent correlation between SPECT-derived
scintigraphic and histologic indices of disease intensity of
the rectosigmoid (r = 0.88, P < 0.01; Fig. 1).

After 3 mo, 6 of 20 patients (30%) were responders and
achieved a complete response without changing the thera-
peutic strategy (R). Fourteen of 20 patients (70%) were
nonresponders to initial therapy. In this group, 9 of 14
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FIGURE 1. Correlation of activity score assessment by histo-

logic analysis and SPECT of rectosigmoid on inclusion (A) and 1
wk after beginning treatment (B). Good correlation of scinti-
graphic and histologic assessment of disease activity before
and after therapy is evident (- = 0.80, P < 0.01 vs.r = 0.88, P <
0.01, respectively).
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FIGURE 2. °°mTc-HMPAO WBC whole-body scintigraphy (pa-
tient 6) in anterior (Ant) and posterior (Post) views before therapy
(A) and 1 wk after beginning therapy (B). Scintigraphy before
treatment shows severe colitis in 4 segments. Scintigraphy 1 wk
after treatment shows markedly decreased uptake with mild-to-
moderate colitis in 4 segments.

patients finally achieved a complete response but required a
change of therapeutic strategy (Ra), and 5 of 14 patients
were treatment failures and required colectomy (F¢).

In the group of responders, al patients had a decrease in
the SAS of =50% and had a residual mean segmental WBC
SPECT uptake ratio of <1.5 (Figs. 2 and 3). The mean
decrease in the SAS in this group was significant (P <
0.05). The mean percentage decrease (ASAS) in this group
was 70% (range, 53%—84%).

In the group of nonresponders, 10 patients had an in-
crease in the SAS of >10%, 2 patients had an unchanged
SAS, and 2 patients had a decreased SAS of >10% (Fig. 4)
but had a residual mean segmental WBC SPECT uptake
ratio of >1.5. The difference in ASAS between responders
and nonresponders was statistically significant (P < 0.01;
Fig. 5A). There was no significant difference in ASAS
between nonresponders requiring altered management or
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FIGURE 3. %™Tc-HMPAO WBC SPECT (patient 6). Transaxial

slices at different levels in abdomen from cranial to caudal (A-D)
before therapy (left) and corresponding slices 1 wk after begin-
ning therapy (right). Colon activity before therapy (arrow) is
manifestly increased (SAS = 7.33) in transverse colon (A), de-
scending colon (B), sigmoid (C), and rectum (D) compared with
bone marrow (A). Colon activity 1 wk after beginning therapy
decreased (SAS = 3.01).

colectomy (data not shown). There was no significant dif-
ference in response between treatment groups.

For clinical assessment by means of the clinical activity
score, the difference between responders and nonresponders
was not significant (Fig. 5B; clinical activity score [mean =
SEM], —5.83 = 1.78 and —4.71 =+ 0.93, respectively).

DISCUSSION

WABC scintigraphy has been used for several decadesasa
diagnostic tool for IBD (22-24). 1*!In-Labeled granulocytes
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have been replaced by *°MTc-HM PAO-labeled granulocytes
to yield a rapid, simple, nontraumatic, and effective tech-
nique with an acceptable radiation dose (10,25-27). It has
been shown that ®°"Tc-HMPAO WBC scintigraphy is su-
perior to the activity index of van Hees and the gastroen-
terologist’s clinical opinion for diagnosing active inflamma-
tion in patients with IBD (11). The sensitivity and
specificity of ®™"Tc-HMPAO WBC scintigraphy are very
high (94%-100%) for active disease (11,28,29). Further-
more, it was recently reported that disease severity can be
determined adequately by planar scintigraphy in patients
with a severe attack of UC and that WBC scintigraphy is
able to assess disease activity and extent without the need
for colonoscopy (10). Unlike ®*"Tc-HMPAO WBC scintig-
raphy, °mTc-LeucoScan (Immuno-medics) lacks sensitivity
and has no place in the assessment of gastrointestinal in-
flammation in IBD (30,31).

A Ant Post
B
Ant Post
FIGURE 4. °"Tc-HMPAO WBC whole-body scintigraphy (pa-

tient 14) in anterior (Ant) and posterior (Post) views before ther-
apy (A) and 1 wk after beginning therapy (B). Scintigraphy before
treatment shows mild-to-severe colitis in 5 segments. Scintig-
raphy 1 wk after treatment shows markedly increased uptake
with severe colitis in 5 segments.
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FIGURE 5. (A) Box plots (median and interquartile range) of

percentual difference between SAS before and 1 wk after be-
ginning therapy (ASAS). Difference in ASAS between respond-
ers and nonresponders is significant (*P < 0.01). (B) Box plots of
difference between clinical activity score before and 1 wk after
beginning therapy. Difference in clinical score evolution be-
tween responders and nonresponders is not significant.

Where planar *"Tc-HMPAO WBC scintigraphy has
proven to be reliable to assess disease extent when com-
pared with histologic findings (32,33), we have recently
shown that the disease activity in the rectum can also be
assessed with accuracy by scintigraphy (10). However, pla-
nar scintigraphy has inherent inaccuracies due to variable
depth and overlapping activities. SPECT has the advantage
to overcome these problems and the use of ®*"Tc-HMPAO
SPECT for detection and quantification of acute bowel
inflammation has been extensively described by Weldon
(19). The determination of maximum segmental bowel up-
take and calculation of an uptake ratio to bone marrow yield
a noninvasive, objective, and accurate approach to the as-
sessment of disease activity.

We used histologic findings from biopsy specimens ob-
tained in the most severely affected areas in the rectosig-
moid before and 1 wk after therapy as the gold standard for
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disease activity. The sensitivity of WBC scintigraphy for
identifying rectosigmoid involvement of UC in this series of
selected patients was 100%, which isin accordance with our
previous observations (10). However, the study population
is a selected one with severe colitis and it is known that
WBC scintigraphy can be false-negative in patients with
only slight macroscopic changes (34,35). No controls were
included in this study to assess the sensitivity of WBC
scintigraphy in the full spectrum of clinical activity of IBD.
There was agood correlation between disease activity in the
rectosigmoid determined on histology and planar scintigra-
phy. There was an even better correlation for disease activ-
ity determined on SPECT.

Several attempts have been made to predict responsive-
ness of UC exacerbations to initial therapy (3,7,36). These
techniques are based on clinical and laboratory observations
to identify patients likely to require intensified or altered
therapy or, ultimately, colectomy. The correlation of aclin-
ical index with other variables—such as CRP; the erythro-
cyte sedimentation rate (ESR); or endoscopic, histologic, or
scintigraphic scores—for the extent and severity of disease
is not always reported as significant (37). Clinical indices
have an inherent subjectivity, resulting in a less reliable
activity score (28). Laboratory parameters such as CRP and
ESR reflect inflammation in general, and conflicting results
concerning the predictive value have been reported (38).

Scintigraphic assessment of disease activity correlates
very well with histologic disease activity assessment
(10,29). Thiswas reconfirmed in this study, both before and
after treatment. The summed SAS represents the maximum
inflammatory activity detected in each segment of the entire
colon reflecting histologic assessment, which is based on
biopsies obtained from the most macroscopically severely
affected areas of each segment (19). Because the correlation
between histologic and scintigraphic disease activity assess-
ment is that good, it seems appropriate to use scintigraphy
for disease activity assessment.

The difference between the SAS before and 1 wk after
treatment was predictive for remission up to 3 mo after
beginning therapy without change of therapy. This would
not have been possible with the clinical activity score alone.
In our series, a decrease in the SAS of >50% of the initial
value and a SPECT uptake ratio of =1.5 per segment
(representing not more than moderate disease) (19) are
predictive of remission without the need for atering thera-
peutic management. In our series, nonresponders have a
36% probability of colectomy in the following weeks,
which does not differ from other observations (3).

CONCLUSION

Repeated ®"Tc-HMPAO SPECT seems able to predict
therapy resistance in UC within 1 wk after beginning treat-
ment. This technique provides a noninvasive and reliable
tool to monitor therapy in UC and depict nonresponders in
an early stage, where intensifying therapy or changing man-

1703



agement or, ultimately, colectomy is possible without losing
valuable time and increasing risk of dangerous complica-
tions.
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