
eased areas and the nonspecific bowel and gallbladder
uptake.

PATIENTS AND METhODS

Patients
Eightyconsecutivepatients (45 male, 35 female;age range9â€”

84, mean 52 yr) with suspicion ofabdominal infection or inflam
mation were prospectivelystudied with 99mTc.HMPAOleuko
cytes. Because some of the patients had multiple studies, a total
of 87 scintigraphicprocedureswere performed.

The diagnoses were confirmed pathologically(surgery,biopsy,
or drainageofpus) in 42 cases, and clinically (including US, CT,
x-ray, and laboratory studies) in 45 cases. The final diagnoses are
presentedin Table I.

Labeling Technique
Mixed leukocyteswere isolatedand labeledas describedpre

viously (4). Forty milliliters of venous blood were drawn into a
60-ml plastic syringe containing 10 ml of acid Citratedextrose
and 10 ml of 6% hydroxyethylstarch. After sedimentation for 1
hrat room temperature,the supernatantwas centrifugedin sterile
tubes at 100 g for 5 mm. The platelet-rich supernatant was
isolatedand centrifugedat 2,000g for 5 mm to obtain cell-free
plasma. Leukocytes were suspended into 1 ml ofcell-free plasma.
Technetium-99m-HMPAO was formed by adding 600 MBq

99mTc in 6 ml isotonic saline to a vial containing HMPAO

(Ceretec, Amersham International). Five millilters (500 MBq) of
99mTcHMpAO complex were added to the leukocyte suspension,

which was left for 10 mm at room temperature.The suspension
wascentrifugedat 100G for 5 mm, the supernatantwas discarded
and the cells were resuspended in 5 ml of cell-free plasma, and
reinjected intravenously.

The averagecell labelingefficiency was 41% (range7%â€”86%).
The mean dose injected was 200 MBq (range28â€”370MBq). The
viability of granulocytes was investigated by the trypan blue
exclusion test. Equal volumes of cell suspension and trypanblue
dye (1%w/v) were mixed and examined microscopically for dye
uptake after 10 mm.

Imaging
Scintigramswereobtainedat 2 mm, 0.5 hr, 2 hr, and 4 hr after

the injection of labeled leukocytes with a large field of view
gamma camera in anterior abdominal projection. Posterior ab
dominal, right or left anterior oblique and pelvic outlet views

Thediagnosticvalueofearly @â€œTc-HMPAO-1eukocyteimages
(2 mm,0.5 hr, 2 hr and 4 hr)was studiedin 87 prospectively
performedinvestigationsin 80 patientswith a suspicionof
abdominalinflammationor infection.Sensitivity,specificity
and accuracywere 74%, 85% and 77% in the 2-mmscans,
88%, 81% and 86% in the 0.5-hr scans, 95%, 85% and 92%
in the 2-hr scans, and 96%, 92% and 95% in the 4-hr scans.
Nonspecificbowelaccumulationwas seenin 7% of patients
at2hrandin28%at4hrbutwaseasilydistinguishablefrom
pathologicactivity.Theuptakein eatlyimagesrepresentsan
active accumulation of granulocytes at the site of inflammation
ratherthannonspecificblood-poolactivityjudgedbyresults
of @Tc-HMPAO-RBCimaging.Wefoundthat imagingwithin
2 hr from injectionhas a highdiagnosticvalue,and that the
activity accumulatesin areasof infectionand inflammation
fasterthanintheintestinalbackground.

J NucI Med 1991: 32:2029â€”2034

n accurate diagnostic method which gives results
without significant delay is important in diagnosing ab
dominal infections and inflammation (1). Ultrasonog
raphy (US) and computed tomography (CT) are rapid
imaging modalities but they are nonspecific and insensitive
in many abdominal inflammations such as appendicitis
and inflammatory bowel disease. The disadvantage of
scintigraphy with 67Ga-citrate or â€˜â€˜â€˜In-labeledleukocytes
is the diagnostic delay of 24 hr. There are several reports
of 99mTchexamethylpropyleneamine oxime (HMPAO)
leukocytes detecting infections and inflammations within
4 hr and even asearly as 30 mm after injection (2â€”5).The
nonspecificbowelaccumulationhas,however,causedcon
troversial opinions of the suitability of this method for
abdominal imaging (6â€”7).

Therefore, we undertook a prospective study to evaluate
the diagnostic accuracy of early images (2 minâ€”4hr) with
99mTcHMPAO leukocytes in abdominal infections and
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FinaldiagnosesNo. ofexaminationsBowel

inflammationandabscessesUlcerative
colitisorCrohn'sdisease23Acute

diverticulitis18Abscess12A@sIColocutaneous

fistula1OtherAbdominal

painofunknownorigin13Fever
of unknown011gm5Sepsis2Salpingo-oophoritis2Ccion

ca@noma1Non-infected
pancreaticpseudo1cystAcute

cholecystitis1Cholelithiasis1Acute

pyeionephritis1Acute
cystitis1Hepatitis1RheumatiC

polymyalgia1Cellulitis1Irrftab@

bowel1Total87

2hr 4hr

Numberofpatients87858680True-positive45525753True-negative22212223False-positive4542False-negative16732

2mmO.5hr2hr4hrSensitivity

(%)74889596Specificity
(%)85818592Accuracy
(%)77869295Positive

predictivevalue(%)92919396Negative
predictive value (%)58758892

TABLE 2
ResultsofÂ°Â°â€œTc-HMPAOLeukocyteScansatVarious

Imaging Times ________________
2 mm 0.5 hr

TABLE I
Anal Diagnosesof the Patients

The Pearsoncorrelationcoefficient and Mann-Whitney U-test
were used for statistical analysis.

RESULTS

Cell viability was 100%. The results of scintigrams at
various imaging times are presented in Tables 2 and 3.

The abnormal leukocyte accumulation generally in
creased as a function of time (Fig. 1). However, images
obtained at 4 hr did not give additional information corn
pared with 2 hr images in any patient, with the exception
of one patient with false-positive images at 2 mm to 2 hr
and true-negative images at 4 hr. Abscesses and acute
diverticulitisshowed a focal leukocyte uptake which did
not move in serial images. In inflammatory bowel disease,
the intraluminal activity usually shifted in sequential
images.

At 2 mm, 16 images (18%)showed false-negativeresults.
These were recorded from three patients with abscesses
situated near bone marrow at anterior images, two with
abscesses in the pouch of Douglas (one of them a healing
abscess in a control examination), five with inflammatory
bowel disease, two cases of acute diverticulitis, two cases
of salpingo-oophotitis, one of cystitis and one of acute
cholecystitis. Seven patients (8%) had false-negative im
ages at 0.5 hr as well. Three patients had false-negative
results at all imaging times. One ofthem, who was imaged
only between 2 mm and 2 hr, had acute cholecystitis which
was verified surgically and histologically. One had ulcera
tive colitis with moderate chronic inflammation in the
rectosigmoid area and one had nonspecific colitis with
moderate inflammation in the rectum; in both cases the
diagnosis was verified endoscopicallyand by histologic
assessmentof mucosalbiopsyspecimens.

Three ofthe five patients with false-positive images were
examined because of a suspicion of postoperative abscess.

TABLE 3
Resultsof @Â°â€œTc-HMPAOLeukocyteScansat Various

Imaging Times

were often used to localize the tracer uptake. It was not always
possible to record images at 4 hr during normal working hours
because the patient examination began too late.

All images were examined by two experienced nuclear medi
cine physicians who were blinded to each other and the clinical
history and diagnosis. They graded the pathologic tracer uptake
as weak, moderate or strong by subjectiveassessment and evalu
ated the nonspecificgallbladderand bowel accumulation on each
image. Most readings were in agreement and the readings with
some discrepancywere re-evaluatedtogether and a decision was
reachedby consensus.

Serum C-reactive protein (CRP), peripheral blood leukocyte
count, erythrocyte sedimentation rate, and duration of symptoms
and antibiotic therapyat the time ofscintigram were noted.

imagingwith Labeled Red BloodCells
Five patientswith a positive scintigraphicfindingat 2 mm also

were examined with 99mTc@HMPAO@labeled red blood cells
(RBCs) to find out whether the tracer accumulation at inflam
mation site representsblood pool activity.

Three milliliters (500 MBq) of @Tc-HMPAOcomplex were
added to 6 ml of heparinized whole blood in a 10-mi sterile
vacuum tube and incubated for 10 mmnat room temperature.
Four millilitersofthe labeled whole blood were carefully layered
over 3.5 ml density gradient medium (Polyprep@, Nycomed,
Pharmacia Diagnostics, Oslo, Norway) in a closed sterile tube,
and centrifugedat 500 g for 30 mmn.The pellet ofred blood cells
was separated,washed once with saline (10 mm, 800 g), resus
pended in 3 ml salineand injectedinto the patient. The average
labelingefficiencywas55%(range45%â€”60%).

Scintigraphy with labeled RBCs was performed within 1-3
days from the leukocyte scan. The possible traceractivity due to
the previous leukocyte scan was registeredbefore the injection of
labeled RBCs. Images were obtained in anteriorabdominal pro
jection during flow and at 2 mm, 0.5 hr and 2 hr.
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D@
FIGURE I. A patientwithulcerativecolitisimagedwithÂ°@Tc-HMPAOleukocytesat 2 mm(A),0.5 hr (B),2 hr (C) and4 hr (D).
The inflamedsegmentof bowelisclearlypositiveat 2 mm(A),andtheactivityincreaseswithtime(Bâ€”D).

In two cases, there was an increasing tracer accumulation
but an abscess was not found by US or CT. In one case, a
weak accumulation was seen at 2 mm and at 0.5 hr, which
was correctly interpreted as an inflammatory reaction in a
recent wound. One patient with abdominal pain and high
CRP value had a weakening tracer accumulation in the
right lower abdomen in serial images between 2 mm and
2 hr, but the finding at 4 hr was negative.No explanation
for the symptoms or scintigraphic finding was found by
US, CT or barium enema. The symptoms subsided within
two weeks without antibiotic treatment. In all of these
patients, the scintigrams were considered false-positives
because verification of an infection or inflammation was
not obtained by other imaging methods. The fifth false
positive result was in a patient who had colonic adenocar
cinoma which was surgically removed after scintigraphy.

Interobserver agreement was 86% for 2-mm scans, 92%
for 0.5-hr scans, 94% for 2-hr scans, and 95% for 4-hr
scans.There wasdisagreementabout the presenceof weak
uptake in the proximal colon at 0.5â€”4hr in a patient with
irritablebowelsyndrome.In one patient with cystitis,one
observer considered the scintigram negative, but the other
positive because there was a rim-like uptake in the wall of
the urinary bladder at 0.5 and 2 hr. The 4-hr scintigram
was negative because images were recorded after voiding.
In one patient, one observer considered the finding nega
tive with nonspecific bowel activity in later images, but
the other found it suggestive for acute diverticulitis. The
consensus was negative. The other cases ofinitial disagree
ment were whether there was a weak uptake or not, mainly
in 2-mm scans.

There was no significant difference in CR2, leukocyte
count, ESR or duration of symptoms and antibiotic ther
apy between patients with true-positive and false-negative
scintigrams, between patients with true-negative and false
positive scintigrams, or between patients with true-positive
and true-negative scintigrams. There was no correlation
between the imaging time at which the scintigrams became
positive and the laboratory tests or duration of symptoms
or antibiotic therapy before scintigraphy.

Nonspecific bowel accumulation was never present be
fore 2 hr. Six patients (7%) had faint accumulation in the
ascending colon at 2 hr and 22 patients (28%) at 4 hr,
respectively. Nonspecific gallbladder accumulation was
seen in five cases (6%) both at 2 hr and 4 hr.

Five patients with a positive leukocyte scan finding at 2
mm were imaged with labeled RBCs. Two of them (one
with periappendicular abscess and one with Crohn's dis
ease) had focal uptake in the RBC scintigram, but the
accumulation was weaker than with labeled leukocytes
(Fig. 2). The other three patients(two with ulcerative colitis
and one with acute diverticulitis) had negative RBC scan
findings (Fig. 3).

DISCUSSION

Fast imaging methods with high sensitivity and specific
ity are needed in many clinical situations (1). The main
disadvantage of 67Ga-citrate and â€˜â€˜â€˜In-labeledagents has
been the diagnostic delay of at least 24 hr. There have
been many attempts to utilize the favorable imaging prop
erties of 99mTcto detect inflammatory lesions with differ
ent forms of99mTc@labeledagents [i.e., colloids, polyclonal
human immunoglobulin and monoclonal antibodies (8-
12)J.Since1986,99mTcHMPAOlabeledleukocyteshave
been successfully used for imaging a wide variety of inflam
matory diseases (2â€”5,13â€”16)).There have been reports
indicating that abdominal infections can be detected as
early as 0.5 hr following injection of 99mTc@HMPAOleu
kocytes (2â€”5).

In our study, most images were positive earlier than
previously described. Sensitivity, specificity and accuracy
of 74%, 85% and 77%, respectively, were achieved at 2
mm. The accuracy at 0.5, 2 and 4 hr was 85%, 92% and
95%, respectively. The 4-hr images did not give any useful
additional information compared with 2-hr images. The
higher accuracy of 4-hr images was due to a number of
false-negative and false-positive examinations which were
not imaged at 4 hr. Some false-negative images at 2 mm
or at 0.5 hr were in patients with inflammatory bowel
disease in inactive or mild stages. Abscesses situated in

Technetium-99m-HMPAO Leukocytes in Inflammations â€¢Lantto et al 2031



A B
FIGURE 2. Focalaccumulationof @Tc-HMPAOleukocytesina penappendicularabscessat 2 mm(A)and0.5 hr(B).Muchfainter
activfty is seenwith labeledred bloodcells at 2 mm(C)and 0.5 hr (D).

anterior projection over bone marrow were not seen at 2
mm because of high normal bone marrow activity. They
would probably be seen in oblique views. The sensitivity,
specificity and accuracy of the present study agree with
the previous results of Roddie et al, Vorne et aL, Li et aL,
and Reynolds et al. (3â€”4,15â€”16).

We found no difference in the duration ofsymptoms or
antibiotic therapy between patients with true-positive or
false-negativescintigrams.Our resultsdo not support the
suspicion that early images would have lower sensitivity
to detect chronic abscesses(7). For example, one patient
in our series was imaged three times and the scintigram
was positive at 2 mm every time, although symptoms and
antibiotic therapy had lasted for over 2 mo.

Nonspecific bowel accumulation appearing mainly after
4 hr following reinjection has been mentioned as a poten
tial disadvantageofthe @Tc-HMPAOleukocyte scan (6-
7). In our study, the nonspecific activity, seen mainly in
the ascending colon, appeared at 2 hr in 7%, and in 26%
of patients at 4 hr. It was faint and did not interfere with
the correct interpretation of images (Fig. 4). Mountford et
al. in their comparison ofâ€•â€˜In-oxineleukocytes and 99mTc@
HMPAO leukocytes yielded a relatively low specificity of
62% with 99mTcHMpAO leukocytes due to the nonspe
cific activity in the bowel (7). However, in their study

images were recorded at 4 and 24 hr, which was not ideal
for 99mTcHMPAO leukocytes. The nonspecific activity is
probablydue to excretion of 99mTc..4@omplexe5other than
free pertechnetate or HMPAO-complex because thyroid,
gastric or brain uptake is not seen (1 7-18). Thus potassium
perchlorate administration before the study is not neces
sary. Nonspecific bowel accumulation is also fairly corn
monly seen in â€œInlabeled leukocyte scans (19â€”20)and
always in 67Gascintigrams (4,21).

Becker et al. found nonspecific gallbladder activity in
half of their 12 patients (1 7). In our study, nonspecific
gallbladderuptake was seen only in 6% of patients at 2
and 4 hr, which is in agreement with a previous report of
Roddie et al. (3). The nonspecific accumulation is faint
and seen in the gallbladder lumen. In acute cholecystitis
the uptake is rim-like and easily distinguishable from the
nonspecific activity (5).

Accumulationof labeledgranulocytesin malignant tu
mors has been reported with â€œInand 99mTc-HMPAO
scintigraphy(5,22-23). The mechanism of uptake by the
tumor is not completely understood. The activity in the
patient of the present study can probably be explained by
the chronic secondary inflammation seen in the histolog
ical examination.

In spite of the rapid imaging results after reinjection,

A B

FIGURE3. AbnOrmalactivityisseenintheascending,transverseanddescendingcolonina patientwithulcerativecolitisimaged
withlabeledleukocytesat 2 mm(A)and0.5hr (B).Imageswith labeledredbloodcellsshownoactivityin the inflamedbowelat 2
mm(C)or0.5hr(D).
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TAC-WBC preparation has been reported to contain 20%-
30% of free TAC (8). In 99mTc@HMPAOleukocytes about
98% of unbound label can be removed by the final cen
trifugation (14). The early positive findings with 99mTc@
HMPAO leukocytes probably cannot be explained by the
accumulation of free@ or 99mTc..
HMPAO at the inflammatory sites.

In conclusion, most abdominal infections are seen at 2
mm with 99mTcHMPAO leukocytes, but images taken at
0.5 and/or 2 hr are recommended to confirm the increas
ing uptake. Imaging at 4 hr is not needed, and the fre
quency of nonspecific bowel tracer accumulation at this
point is higher than in earlier images. The mechanism of
granulocyte accumulation at the inflammation in early
images appears to be active migration rather than nonspe
cific blood-pool activity, but further clarification is needed.
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the method still has the disadvantage of a time-consuming
labeling procedure. However, because the diagnosis can be
made accurately within a couple of hours from venipunc
ture, this method can also be used for rapid assessment of
acutely ill patients, unlike â€˜â€˜â€˜Inscintigraphy. Convenience,
image quality, radiation dosimetry and more selective
labeling of granulocytes are also advantages over â€˜â€˜â€˜In(2â€”
4, 13, 17). Acquisition time is only a few minutes, which
allows serial imaging and larger patient throughput.

The mechanism oftracer accumulation at inflammatory
sites in the early images is unclear. Much of the early
information about leukocyte kinetics has been obtained
by studying neutrophils labeled with diisopropylfluoro
phosphate (DFP-32), which, however, cannot be imaged
externally (24). Following this work, leukokinetics have
been studied with â€˜â€˜â€˜In(25). Some authors have reported
activity at inflammatory sites after 30 mm following injec
tion of â€˜â€˜â€˜In-leukocytes(26-27).This activity was regarded
as blood-pool activity due to increased vascularity and
hyperemia in an infected site (28â€”29).To investigate the
mechanism of tracer accumulation in early images, we
labeled RBCs with 99mTcHMPAO by a method which we
have successfully used in imaging gastrointestinal bleeding.
In two patients, weak activity was seen at the inflammatory
site with labeled RBCs at 2 mm, 0.5 hr and 2 hr. However,
this uptake was much fainter than in the leukocyte scan
(Fig. 2). In the other three patients with the inflammatory
site clearly positive with leukocytes at 2 mm, no abnormal
activity was seen in the inflamed area with labeled RBCs.
These results suggest that the uptake seen at 2 mm and
0.5 hr cannot be only nonspecific blood pool activity but
is mainly due to an active accumulation of granulocytes
at the inflammatory site. However, this hypothesis must
be further evaluated with a larger series of patients. An
interesting theory about the mechanism of early uptake is
presented with the use of99mTc@albumincolloid leukocytes
(TAC-WBC)(8â€”9). The agent responsible for early activity
at inflammatory site is thought to be free TAC, which goes
through the vessels and labels the leukocytes at the abscess.
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T he anatomic localization of focal
collections of inflammatory cells

in the setting of acute or subacute
infections or inflammatory states pre
sents a major challenge to the cmi
cian. The early and accurate detection
of postsurgical infectious complica
tions such as intra-abdominal absess,
infection involving deep wounds suf
fered following major trauma and ap
pendicitiswould allowearliertherapy
with antibiotics and surgical debride
ment. The availability of a rapid im
aging technique for inflammatory
cells would also aid in the diagnosis
of skeletal infections, such as osteo
myeitis, and in the evaluation of im
munosuppressedpatientswhopresent
with fever and subtle, but nonlocaliz
ing signs of infection. Such a tech
nique would also be very useful for
diagnosingand assessingthe response
to therapy of inflammatory diseases
such as ulcerative colitis, Crohn's dis
ease, rheumatoid arthritis, systemic
lupus erythematosus, the systemic
vasculitidies and sacoidosis. Despite
the fact that methods for imaging in
flammatory and infectious lesions
were developed as early as 1971 with
67@3@scanning (1) and 1976 with the

use of â€˜â€˜â€˜In-labeledleukocytes (2,3),
there as yet exists no widely available
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diagnostic test to clinicians for this
purpose. This is particularly true in
the detection of intra-abdominal
sources of inflammation and infec
tion.

The techniques currently in limited
use for detecting inflammatory sites
are:

1. Gallium-67 scanning.
2. Indium-l 11-labeled leukocytes.
3. Leukocytes labeled with @mTc

via phagocytic ingestion of col
bid in the form of reducing
agents such as stannous pyro
phosphate, or via passive uptake
by 99mTc..labeledlipophiic com
plexes.

4. Direct injection of 99mTc or
â€˜â€˜â€˜In-labeled agents which local

ize at inflammatory sites such as
anti-granulocyte antibodies, and
polyclonal immunoglobulins.

Gaffium-67-citrate was first noted to
localize in inflammatory lesions in
1971 (2,3) and since that time has
been useful in certain instances for the
detection of infectious foci (4). The
major problems with 67Ga scanning
are that at least 24 hr are required
between injection and imaging, and
that early bowel uptake precludes its
use for evaluation ofabdominal infec
tions (5â€”6).Indium-i 11-labeled leu
kocyte scanning is recognized as a use
ful test for detecting inflammation
and infection in vascular grafts,

chronic pulmonary inflammation and
certain abdominal afflictions includ
ing inflammatory bowel disease, pseu
domembranous colitis, diverticulitis
and bowel infarction (7-10). Al
though â€˜â€˜â€˜In-labeledleukocytes do not
normally localize in the bowel, false
positive images have been caused by
gastrointestinal bleeding, swallowed
leukocytesand multiple enemas (9).
In a study of 312 scans from 271
patientswith feverofunknown origin,
32 false-positive results of abdominal
uptake were noted at 24 hr following
injection due to gastrointestinal bleed
ing or swallowedleukocytes(9). Other
disadvantages of â€˜â€˜â€˜In-labelingare the
expense and inconvenience of using
â€ẫ€ẫ€˜In and the radiation dose to the

patient.
Various methods have been devel

o_ to label leukocytes with 99mTc
instead of â€˜â€˜â€˜Into improve image res
olution and to decrease expense and
radiation dose to the patient. Phago
cytic uptake of 99mTclabeled colloids
or microspheres by neutrophils and
monocytes has been used to this end
(11-13). These methods require less
blood from patients since no cell sep
aration is required.Technetium-99m-
albumin labeled colloid has been re
ported to localize appendiceal ab
scesses within 15 mm to several hours
depending on the clinical situation
(13). The early activity (minutes)
within the inflammatory site is due to
the uptake of unphagocytized @mTc@
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