
Early and accurate diagnosis in patients suspected
of upper-abdominal inflammation is of great importance
for optimal management (1â€”3).Conventional radio
graphs, gallium-67 scintigraphy, and combined liver/
lung radionuclide imaging have been used in the diag
nosis of subphrenic abscess, but with inconsistent results
(4â€”10).Recently, scintigraphy with autologous leuko
cytes labeled with indium-l 11 oxinate has been more
successful in diagnosing intra-abdominal inflammatory
processes than with Ga-67 (I 1â€”14).However, the nor
mal uptake of In-I 11-labeled leukocytes in the liver and
spleen impairs the primary detection of upper-abdominal
lesions(15â€”16).

In subphrenic abscess, the subtraction of a Tc
99m(Sn)colloid image from one made with Ga-67 citrate
was found by Damron et al. (17â€”19)to enhance diag
nostic effectiveness. We have explored the use of a sim
ilar procedure, with substitution of In-I I 1 leukocytes for
the primary image, in upper abdominal inflammatory
disease.

ReceivedOct. 26, 1982; revisionacceptedNov. 2, 1982.
For reprintscontact: E. A. van Royen,Dept.of NucI. Med., Uni

versity Hospital, Wilbelmina Gasthuis, Ic Helmersstraat 104,1054
EG Amsterdam,The Netherlands.

CPresentaddress:Dept.ofPediatricSurg.,SophiaKindcrzieken
huis, Rotterdam,The Netherlands.

METHODS

Leukocytes were prepared from 50 ml peripheral
blood as described previously (16) and labeled with
300â€”500zCi of indium-l 11oxinatet. Scintigrams were
performed 20 to 24 hr after injection of the In- 111-la
beled leukocytes. A large-field gamma camera was used,
with a medium-energy parallel-hole collimator and in
terfaced on line with a computer.

The pulse-height analyzers were first set on the 173-
and 247-keV In-l 11 peaks, both with 20% windows, and
10-mm scintigrams were obtained. Then, with the pa
tient in exactly the same position, the pulse-height ana
lyzer was set to the l40-keV Tc-99m peak. Counts were
acquired for 2 mm to monitor the scatter from In- 111
into the Tc-99m window. Next, 1-2 mCi of Tc
99m(Sn)colloid was injected and, after 5 mm, another
2-mm scintigram was made with the window set for 140
keV. It is essential that the patient remains in the same
position during the whole 10â€”15 mm aquisition period
for all three images of liver and spleen.

Subtraction images were obtained, essentially as de
scribed by Buraggi et al. (20) for Ga-67 citrate and
Tc-99m(Sn)colloid. To start with, the Tc-99m(Sn)col
bid scan was corrected for the In-i 11crosstalk by simple
subtraction of the second scan (In-I 11 in the Tc-99m
window) from the Tc-99m image. Secondly, before
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fever or symptoms suggesting an upper-abdominal in
flammatory process in 61 patients, 45 of whom were in
a postoperative phase. In the remaining four patients,
scintigrams were performed to confirm or exclude the
inflammatory origin of focal lesions detected by earlier
Tc-99m liver and spleen scans, ultrasonography, com
puterized tomography, or endoscopic retrograde chole
docho- and pancreaticography.

Twenty-eight scintigraphic results were verified at
surgery. In nine cases, a needle aspiration was done.
Autopsy was performed twice. The remaining 36 scm
tigrams were related to the clinical follow-up.

RESULTS

Negative scintigrams. Twenty scintigrams performed
in 17 patients showed no focal activity after subtraction.
Seven scintigrams (six patients) were followed by either
surgical exploration or needle aspiration. Three of these
(two patients) had to be considered as false negatives,
because an infectious lesion was demonstrated by lapa
rotomy and needle aspiration respectively. The re
maining 13 scintigrams in i 1 patients were related to
clinical followup. All 11 patients survived and none
showed any evidence of infection over 20 wk. The final
result in this group was that 17 of the 20 scintigrams
were clearly true negative (Table 1).

Positive scintigrams. Fifty-five scintigrams performed
in 48 patients showed focal activity within or outside of
liver and spleen areas after subtraction. Scintigraphic
information from 32 scintigrams in 29 patientst was
verified by subsequent surgical exploration (20 patients),
needle aspiration (7), or autopsy (2). The scintigraphic
impression of inflammatory process was confirmed in
25 patients (27 scans): in 18 patients (20 scans) by sur
gery, in five by needle aspiration, and in two at autopsy
(Table 2, Figs. 1â€”3).In four patients (five positive scans)
the absence of inflammation was confirmed by surgery
in two patients (three scans) and by needle aspiration in
the other two (Table 3). Only clinical followup was
available for the remaining 20 patients (23 scans), all of
whom survived. Fourteen (16 scintigrams) showed a
course highly characteristic for intra-abdominal in
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subtraction, an almost homogeneous region of interest
was chosen over the liver, since in colloidal liver scm
tigraphy abnormalities are revealed as heterogeneity or
focal decrease in count densities. Counts within this re
gion was calculated for both the In-i 11 and corrected
Tc-99m scan. From these a normalization factor was
calculated, such that, upon subtraction of the corrected
Tc-99m scan from the primary In-i 11 scan, the counts
in normal regions of the liver would fall to zero. In gen
eral, this factor was found to be about 0.5. Following the
subtraction procedure, the final image was further en
hanced by choosing various upper and lower threshold
levels. In the absence of focal In-i 11 accumulation, a
uniform, virtually zero image of the liver was produced.
Unprocessed original and subtraction images were then
photographed from the video display of the computer.

Later all In-I 11 leukocyte scintigrams were reviewed
separately and compared with the Tc-99m(Sn)colloid
liver and spleen images without subtraction.

PATIENTS AND MATERIALS

Seventy-five scintigrams were performed in 65 pa
tients, who on clinical grounds were suspected of having
an upper abdominal inflammatory process. No definite
diagnosis had been made in any of them before scini
graphy. Indications for scintigraphy were unexplained

FIG. 1. (a) Indium-i 11 leukocytes. (b)Subtractionof liver area. (c)Tc-99n@Sn)colioid.Case 1. A 56-yr-old male patient, with recurrent
sepsis after closure of a gastric perforation some weeks before. GiventhIs history, a sub-hepatlcor lesser-sacabscess was suspected.
However, subtraction scintigraphy correctly indicated subphrenic abscess. Dorso-lateral surgical drainage was then performed, with
scanfindingsdeterminingthesiteof surgicalapproach.
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TABLE 1. RESULTS(n75)
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FiG. 2. (a) Indium-i I 1 leukocytes. (b) Subtraction of liver wee. (C)Tc-99m(Sn)collold.Case 2. After a choledocho-duodenostomyfor
chronic pancreatitis, a 58-yr-old woman presented with t@per-abdominaltenderness, fever, and right dlaphragmatic elevation of the
chest radiograph.Subbepaticor subptwenicabscesswas suspected.Subtractionscintigraphyshowedconfinedwee of increasedactMty
at rI@t lobe of liver. Empyemaof gallbledderwas thou@t lIkely and was confirmed at subsequent laparotomy.

FIG. 3. (a) Indium-i I 1 leukocytes. (b) Subtraction of liver area. (c) Tc-99n@Sn)colloid.Case 3. A 42-yr-old male patient, with pleural
effusionbychestradiograph.Lung-liverscintigraphywasnormal.Subtractionscintigraphyshowedfocalactivity,morelikelyin pleural
than In subphrenic space. Drainageby high costal resection was carried out.

flammation (Fig. 4) and six (seven scintigrams) did not.
In four of the latter group, some inflammatory response,
rather than clearly localized inflammation, could be
deduced from the clinical course and findings (Table 3).
Adding these figures together, 43 true-positive scinti
grams were obtained out of a total of 55 showing focal
accumulation.

Sensitivity and specificity are given in Table 1.
In surgically proven cases the results as to sensitivity

and specificity did not differ significantly from the results
obtained in the group as a whole (sign test).

DISCUSSION

The overall scan accuracy obtained in our group of
patients was 80% (Table 1). Three false-negative studies
accounted for a 93% sensitivity. In one patient, a small
infected hematoma was found at laparotomy. In a second
patient, two scans failed to demonstrate an infected he
patic cyst. It is known that intrahepatic cystâ€”and even
abscessesâ€”can be encapsulated in a rather thick wall,
which may interfere with the migration of leukocytes
into the lesion (21,22).

Specificity was found to be 59%. We believe that this

TABLE 3. NONINFLAMMATORY LESIONS
DIAGNOSED IN NINE OF ThE 12 FALSE

POSITIVESCANS.
Subphrenlc left
Subphrenicri@t
Subhepatic
Pancreas
Intra-hepatic
Gallbladder
Pleural sinus right
Suprarenal
Right lower quadrant
Leftlowerqu@ant
Infectedwound

9
4
11
8
2
3
1
1
1
2
1

5
3
7
4
1
2
1
1
1
1
I

Intrahepatic metastasesor tumor
Liver-hilus metastases

Gallbladdercarcinoma
Bileflstula
Retroperftonealhaematoma
Colitis

4 3

1 1
1 1
@1 â€”

1 â€”

43 27 9 5
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TABLE 2. LOCATiON OF INFLAMMATORY
LESIONSDIAGNOSEDIN 43 TRUE-POSITIVE

SCANS.
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FiG. 4. (a) Indium-i I 1 leukocytes.(b)Subtractionof
liver area. (c)Tc-99m(Sn)colloid. (d)Repeatedscan.
Case 4. After endoscopic papillotomy, a 70-yr-old
woman presentedwith upper-abdominaltenderness.
UltrasoundwasInconclusive.Computerizedtomog
raphyrevealedenlargedpancreaswfthmuftiplecysts.
Subtraction scinti@@aphyrevealed increasedactivity
over whole pancreatic area, with maximum aCtivity
in cephalic part. After conservative treatment and
clinical improvement, repeat scan showed less ac
tivity Inpancreatic area andobvious colonic uptake.
Impression:spontaneousdrainageintoGitract.

low specificity results because leukocytes are also in
volved in noninfectious inflammatory reactions to me
chanical or chemical stimuli. Table 3 shows the final
diagnosis made in nine of the 12 false-positive scinti
grams. Some of these lesionâ€”such as a fistula of the
biliary tract, a hematoma, and colitisâ€”areknown to be
accompanied histologically by a mild leukocyte reaction.
Indeed, the intensity of accumulated activity observed
in these scintigrams was less, in most cases, than that
observed in cases of true localized inflammation.

In this series, none of the false-positive scintigrams
resulted in unnecessary surgical exploration.

This subtraction technique is based on the assumption
that similar distribution of both tracers occurs in healthy
liver and spleen tissue, resulting in complete or nearly
complete disappearance of the activity in the normal
areas after subtraction. In general, a normalization
factor of approximately 0.5 was found for the liver area
of the Tc-99m(Sn)colloid scan. A different normaliza
tion factor had to be used for the spleen. This could be

due to a varying number oflabeled platelets or red blood
cells contaminating the leukocyte preparation, or to
preferential accumulation of labeled leukocytes in the
spleen. It must be realized that the final subtraction
image is influenced by the difference in emission energy
between the two radionuclides, the resulting difference
in modulation transfer function, and the difference in
background activity. These three factors are a potential
source of false subtraction images. The energy difference
will result in a difference in attenuation of the radiation,
and must be considered especially in cases of intrahepatic
or intrasplenic lesions. If a lesion is deep, radiation will
be absorbed more from Tc-99m than from In-I I 1, and
the subtraction may lead to a false-positive diagnosis.
This could account for the false positives in patients with
intra-hepatic metastases or tumor (Table 3, Fig. 5). The
second factor proved to be limited under the conditions
studied, since with our collimator the line spread function
was about the same for both radionuclides. Blood
background will differ between In-l 11 leukocytes and

FiG 5. False-positive scintigram: (a) Indium-I 11 leukocytes. (b) Subtraction of liver area. (C)Tc-99m(Sn)colloid.Case 5. A 68-yr-old
womanwith historyof cholangitls.Ewlier liver scan aid endoscopicretrogradechoIangio@aphydemonstrateda left-sitedhepaticprocess.
Subtractionscintigraphyshowedfocal activity with low kdensftyin lesion in question.Possibilityof old abscesswas considered.Exploratory
laparotomyrevealedleiomyosarcomawithcentralnecrosis.
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Tc-99m colloid. The final effect is probably limited since
with In-i 11 the blood activity declined rapidly, falling
to less than 30% after 24 hr. Finally, some movement of
the patient during scintigraphy could also cause an in
complete disappearance of activity. In three scintigrams
subsequently classified as false positives, incomplete
disappearance ofactivity at the cranial or lateral margins
of the spleen was observed, probably due to this ef
feet.

CONCLUSION

In this series of patients with suspected upper-ab
dominal inflammatory processes, scintigraphy with In
1i 1 leukocytes, with Tc-99m(Sn)colloid subtraction
provided a sensitive diagnostic procedure. Critical
scrutiny of clinical signs and symptoms, together with
the scintigraphic results, can overcome most of the
problems posed by the rather low specificity of the pro
cedure.

In our view, this subtraction technique provides a
relatively simple, noninvasive and reliable means of in
vestigation in patients with upper abdominal inflam
matory disease.

FOOTNOTES

t Manufactured by Byk-Mallinckrodt CII. B.V., Petten, The

Netherlands.
t In one patient two positive scans performed 5 wk apart, were fol

lowedbyasurgicalfollowup(falsepos)andclinical followup(truepos).
Thereforethe total numberof patientswill be48.
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