
he search for occult infections continues to be a
common and important activity, and a vexing problem
in the case of the critically ill or compromised patient.
At present, there are several competing technologies
that are available for this purpose. These include com
puted tomography (CT) scan, ultrasound and nuclear
magnetic resonance imaging which provide primarily
structural information, and gallium-67 (67Ga) scan and
indium-labeled leukocyte imaging ([â€1̃â€˜InJPMN)which
detect mainly pathophysiologic changes. The 67Gaand
[1 I â€˜In]PMN imaging procedures are particularly useful

as a whole-body search procedure when localizing
symptoms or signs are lacking, and may serve to direct
the attention of CT or ultrasound to certain areas.

Since 1971, the [670a]citrate scan has been used as
screening procedure to detect areas of inflammation or
infection (1). Although it lacks specificity, its sensitivity
is high in detecting inflammatory lesions, including
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infections and abscesses, and some neoplasms (1-3).
Because of these characteristics, it has been used as a
convenient imaging procedure to help in the evaluation
of cases of fever of unknown origin. Its chief drawback
is that localization of abdominal infection is hampered
by normal bowel excretion. This has led many to re
place 67(j@with [â€˜@ â€˜In]PMNimaging particularly for
occult infection within the abdomen. This procedure,
however, is more labor intensive and has not in our
hands demonstrated sufficient superiority to warrant
total replacement on cost-effective or logistical grounds.
We continue to rely mainly on gallium and reserve
labeled leukocytes for selected patients.

Although our experience with 67Ga supports its cm
ical usefulness and parallels the experience reported by
others (4â€”6),we have observed a few of our own
(anecdotal) cases suggesting that certain factors, such as
immunosuppressive therapy, especially with glucocor
ticoids, and renal and hepatic failure may be more
likely to result in a false-negative result.

To determine whether these assumptions might have
some basis in fact, we retrospectively reviewed our
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To examine whether the results and interpretation of gallium-67citrate imagingmay be
adversely influenced by factors present in compromised patients, we reviewed our 1-year
expenence in 69 patients in intensive care units, renal transplants, and those on hemodialysis.
Our results indicate that it is an inappropriate diagnostic procedure for acute pancreatitis
since seven of nine had false-negative results. Using loglinear modeling and chi-square
analysis we found that treatment with antiinflammatory steroids, severe liver disease, end
stage renal disease, and renal transplantation with immunosuppressive therapy did not
interferewithgallium-67uptake.Increasedrate of true-negativeresultsinpatientswithend
stage renal disease was due to a greater and earl*r use of the test in the febrile transplant
patient and in hemodialysis patients with infections not amenable to diagnosis with gallium-67
scan (transient bacteremia and bactenuria). We conclude that gallium-67 imaging is a useful
diagnostic tool that, with the exception of acute pancreatitis, has very few false-negative
results.
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gallium scan experience in these selected groups of
patients.

Statistics

In order to determine the effects of third variables on the
outcome ofthe gallium scan in infected/inflamed versus non
infected/noninflamed patients, the data were subjected to
logiinear modeling (8). The data were arranged in the form of
three-dimensional 2 x 2 x 2 contingency tables, in which the
third dimension is the presence or absence of the third van
able, such as steroid treatment. A set of hierarchical models
wasconstructedbasedupon thegeneralloglinearmodel (Table
1), and the best model was selected using the likelihood-ratio
test statistic (02) to test the goodness of fit. 02 is defined as:

Iobservedvalue
2 @(observedvalue) x ln I

LexPected value

where the summation is over all the cells in the table. For
sufficiently large samples, G2 and x2 have approximately the
same distributions, so that p-values for significance may be
obtained from a chi-square table. Because the overall validity
of the gallium scan is not in question, the infection-gallium
scan result (IG) interaction is included in every model, cx
cepting for Model 1which we included only for completeness.
(see Appendix for a more detailed explanation).

RESULTS

There were 84 gallium scan procedures for 102 target
body sites performed on 69 patients. Target body site
is defined as the site specified by the requesting physi
cian, and other concomitant nonspecified but clinically
evident sites of infection/inflammation. If the site was
not specified and/or not clinically evident prior to the
scan, the whole body was considered as one target site
unless prior clinical findings allow separation of multi
plc involved areas of infection/inflammation. Unex
plained uptakeswerealsoconsideredtarget sites(unex
plained positives).

Of the 102 target sites, there were 61 true-positive
uptakes, five false- (unexplained) positive uptakes, 25
true-negative results, and 11 false-negative results.
Thus, the sensitivity (100 x 61/72) was 85%, the spec
ificity ( 100 x 25/30) was 83%, the false-negative rate
(100 x 11/72) was 15%, the false-positive rate (100 x
5/30) was 17%, and the accuracy (100 X 86/102) was
84%.

The unexplained (false) positive uptakes were noted
as follows: two individuals had unexplained uptake in
the thigh, one in the buttock, one in the kidney, and
one in the right lung.

Ofthe 11 false-negative results, seven were in patients
with acute pancreatitis in whom the pancreas failed to
show excess uptake. One of these seven patients with
pancreatitis had an abdominal fistula with a small
abdominal abscess, which also failed to accumulate
excess gallium. Of the remaining false-negative scans,
one was of the chest and abdomen of an obese patient
with an abdominal abscess, another was of a patient
with a postoperative sternal wound infection with an

MATERIALS AND METhODS

Patient Population
Since our primary interest was to study the factors that

might influence the frequency offalse-negative scans, selection
ofthe stratafor review was carriedout to include all critically
ill patients in intensive care units, all patients on hemodialysis,
and all renal transplants with gallium scans between July
1984â€”June1985. We found and reviewed the medical records
of 69 patients in whom gallium scans were ordered to search
for foci of infection. There were 32 females and 37 males,
with an age range of 1 mo to 91 yr at the time oftesting. Forty
of the 69 patients were seriously ill in an intensive care unit
at the time of the study. Two patients were studied twice
during two different hospital admissions within a 6-mo time
period. The ability of the gallium scan study to predict the

presenceorabsenceoffocalinfectionwasthenjudgedbased
upon a combination of criteria that include clinical findings
and the results of cultures, CT scans, ultrasound, aspiration,
drainage or exploratory procedures, and response to antibiotic.
For most, the presence of infection was eventually obvious as
a resultof the drainageof purulent material,positive cultures,
or by postmortem examination. In others, particularly for
respiratory and abdominal lesions, the clinical differentiation
of true infections from noninfectious inflammatory lesions is
not always obvious.

Gallium Scan Procedure
The adult dose of[67Ga]citrate was 5 mCi (185 Mbq) given

intravenously. Imaging was carried out using a large field-of
viewcameraequippedwitha triplepeak analyzercenteredon
the lower three 67Gaphotopeaks and a medium-energy colli
mator. For routine survey studies, imaging was usually carried
out at 1 and 3 days postinjection. The Day 1 study was rarely
definitive and served as a baseline to help distinguish physio
logic bowel activity in abdominal scans (which tends to move)
from pathologic (fixed) activity. Enema or suppository-in
duced evacuation was frequently employed prior to repeat
imaging. Sometimes repeat imaging was carried out as late as
7 or 8 days postinjection. Similarly, for the kidneys, images at
24 hr, and 48 or 72 hr as well as comparison of uptake in
both kidneys help distinguish normal urinary activity from

abnormal residual (usually focal) activity.
The Day 1 images also serve as scout films and may direct

attention to a specific organ such as liver, spleen, or kidneys.
In order to provide more precise anatomic localization and
better lesion contrast, we may then elect to perform a tech
netium-99m (99mTc)/670asubtraction study utilizing a dual
radionucide simultaneous acquisition subtraction technique.
This has been previously described (7) and may be performed
for any organ where there is a @mTcorgan-specific imaging
agent available, such as liver, spleen, kidneys, bone, or even
blood pool. Images were obtained in at least two and prefer
ably three projections. The simultaneous acquisition dual
channel technique avoids misregistration problems due to
patient motion or repositioning artifact and also eliminates
much of the subjectivity of comparing separately performed
analogimages.
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Model no.ModelMOdelabbreviation1u+I+G+S(I)(G)(S)2u+l+G+S+IG(S)(IG)3u+I+G+S+IG+SG(IG)(SG)4u+l+G+S+IG+SG+IS(IG)(SG)(IS)5u+l+G+S+IG+SG+IS+IGS(IGS)

TABLE I
Hierarchical Loglinear Models and Their Abbreviations

anterior mediastinal abscess, and the last was of a
patient with end-stage renal disease who was admiUed
with right lower quadrant pain, enterococcemia, and
infected pelvic fluid detected by CT scan, ultrasound,
and by aspiration.

Lung Infections or Inflammation
Twenty-three patients had 28 gallium scans of the

head/trunk region ordered to differentiate between an
inflammatory or a noninflammatory pulmonary inifi
trate, or to detect involvement more diffuse than that
shown by the chest X-rays. In this group, 22 scans were
true-positive, six were true-negative, one was false-pos
itive, and none were false-negative. The single unex
planed (false) positive lung uptake was not at a physi
cian-specified site, in a patient who had no clinical
pulmonary findings and a negative chest x-ray.

Of the 22 true-positive scans, 19 were due to respi
ratory infections, of which ten were definite and nine
were suspected. One patient with definite infection had
acquired immune deficiency syndrome (AIDS), with a
mild nondiffuse pulmonary infiltrate by chest x-ray and
mild oxygen desaturation. A gallium scan showing dif
fuse lung uptake was helpful in making the diagnosis
of Pneumocystis carinii pneumonia which was con
firmed by lung biopsy. Three of the true-positive gal
hum scans were in patients with noninfectious inflam
matory pulmonary lesions, two of which were on the
same patient who developed postoperative hypersensi
tivity pneumonitis, and one scan on a patient with
pneumonitis of unknown etiology.

The gallium scan had 100% sensitivity, 86% specific
ity, a 0% false-negative rate, a 14% false-positive rate,
and 97% accuracy in detecting pulmonary infections or
inflammatory lesions.

Renal Infections
Gallium uptake in the kidneys was observed in seven

instances in six patients. Six scans were true-positive
and one was false-positive. Of the true positive scans,
three were from two patients who had end-stage renal
failure and renal abscesses; in one patient the two scans
were done during separate hospitalizations 6 mo apart.
A third patient had multiple renal cysts, lobar ne
phroma, and acute focal pyelonephritis, and responded
well to intravenous antibiotics. A fourth patient had
acute tubular necrosis with superimposed pyelonephri

tis 6 wk after coronary artery bypass surgery. Both
kidneys accumulated gallium, and urine culture grew
yeast and nonhemolytic streptococci. The patient re
sponded to amphotericin B, and antibiotic therapy for
his urinary infections. A fifth patient had mild inflam
mation reported in both kidneys, positive urine cul
tunes, and was diagnosed as having acute pyelonephnitis.

The false-positive gallium uptake of the right kidney
was observed in a patient admitted for epigastric pain.
Urine cultures on three separate occasions were sterile.
Abdominal ultrasound and x-rays were both negative,
no signs or symptoms referable to the right kidney was
noted and no renal disorder was found even with diii
gent search. This patient's abdominal pain was later
proved to be due to acute pancreatitis.

Five additional patients with end-stage renal disease
requiring hemodialysis had six scans directed at the
kidneys. E. coli septicemia was present in three patients,
and S. aureus sepsis in the other two. No excess renal
uptake was noted, and all six scans were documented
as true-negative scans, with no focal site ever found for
septicemia.

An additional true-negative scan was reported in a
patient who had a gallium scan ordered 2 wk after a
renal transplant to assess for an infection in his old
kidney, and the scan was documented as true-negative.

Pancreatitis

Nine of our study patients had acute pancreatitis
(mostly as a complication of another primary medical
or surgical problem) with two scans being true-positive,
seven being false-negative, and none being false-posi
tive. All nine had CT scan findings consistent with
pancreatitis, and elevated serum amylase and lipase
levels. In two true-positive cases, gallium uptake was
found at the site of the pancreas, and one of these also
had a pancreatic pseudocyst. Ofthe seven false-negative
cases, two developed bacterial pneumonia superim
posed on their acute pancreatitis, and in both cases,
gallium uptake was observed in the lungs but not in the
pancreas. A third false-negative scan was in a patient
with acute pancreatitis, Crohn's disease, and an abdom
inal abscess with an ileocutaneous fistula. The lesions
were not seen by gallium scan, but a mass in the lower
abdominal region was detected with CT scans obtained
2 days before, and again 4 days after the gallium scan.
A fourth false-negative scan was in a patient who de
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TABLE2Summary
of LoglinearModelsfortheEffectofSteroids(S)

on the Outcome of the Gallium Scan (G) forDetectingFoci
of Infection(I)Model

no. Model DF G2p-value1

(l)(G)(S) 4 62.35<0.0012
(S)(lG) 3 3.760.293
(IG)(SG) 2 0.150.934
(IG)(SG)(IS) I 0.040.845
(IGS) 0 0 1.0

veloped pancreatitis with a pseudocyst. An abdominal
ultrasonogram performed 2 wk before, and ERCP 6
days before the gallium scan, revealed evidence of pan
creatitis with a pseudocyst of the tail of the pancreas.
The remaining three patients with pancreatitis that was
not detected by gallium scan were uncomplicated.

For acute pancreatitis, the false-negative rate was
78% and the accuracy ofgalhium imaging was a dismal
22%. This suggests that the gallium scan is not an
appropriate test for uncomplicated acute pancreatitis.

Abdominal Abscesses
Gallium scan was ordered in eight patients with

suspected abdominal abscesses. Four had true-positive
scans, and the presence of the abscesses were verified
by purulent drainage, wound cultures, and CT scans of
the abdomen. All four patients required surgical inter
vention for drainage of their abscesses. Two scans were
true-negative and two others were false-negative. One
of the false-negative scans was in a patient with an
abdominal abscess, who eventually had a positive see
ond gallium scanone month later. The other false
negative scan was in the patient mentioned above who
had Crohn's disease, acute pancreatitis, abdominal fis
tula, and an abscess.

The accuracy of the gallium scan for detecting ab
dominal abscesses in this small number of patients was
75%.

Unexplained Gallium Uptake
In this study, there were five cases of unexplained

false-positive gallium uptake. In two cases, the uptakes
were in the thigh. These patients were re-examined
carefully and x-rays of the thigh were obtained in one,
but no abnormalities were found. In the other, urinary
contamination of the thigh was suspected, but this
became an unsatisfactory explanation when the uptake
persistedfor 4 days. In the third case, the unexplained
gallium uptake was in the buttock. The area was care
fully examined but nothing was found to explain the
uptake. In this case, fecal contamination on the clothing
or unrecorded recent injections might explain the gal
hum accumulation.

The fourth unexplained gallium uptake was discussed
earlier pertaining to renal uptake. Gallium accumulated
in the right kidney ofthis woman who had no previous
historyofrenaldisease,and threesterileurinecultures,
during her hospitalization. She had acute pancreatitis,
but no evidence of renal disease could be found. The
fifth unconfirmed uptake was noted in the right lung.

Effect of Other Factors on the Gallium Study
To determine the effect of third variables on the

ability of the gallium scan to detect infection/inflam
mation, the data were analyzed by loglinear modeling
(8). We excluded gallium scans of the pancreas from
the analysis because we found a significant difference

between the results of scans of the pancreas in patients
with pancreatitis as compared with the results from
scans of all the other sites (p = 0.009, Fisher's exact chi
square). This is reflected in the very low accuracy (2/9)
and the very high false-negative rate (7/9) for these
patients, as compared with the other groups of patients.

To examine the possibility that the gallium scan
results were influenced by treatment of the patients
with steroids, the data were subjected to loglinear mod
eling (8) in which the third dimension is the presence
or absence of antiinflammatory steroid treatment (see
Appendix). Using this approach, the best model (p =
0.29) is the one that implies that infection (I) and
gallium result (G) taken jointly (IG) is independent of
steroid treatment (5), or Model 2: (5) (10) (Table 2).
This is the simplest model that will satisfactorily explain
the number ofpatients we observed in each ofthe eight
cells of the 2 x 2 x 2 table (Table 3).

Independence of the IG interaction from steroid
treatment means that the two 2 x 2 contingency tables
may be collapsed over the S-dimension to form a single
table (Table 4), which is sufficient to describe the IG
interaction. The odds ratio for the combined data:

. 59x25

odds ratio = = 74
5x4

indicates that the odds ofhaving a positive gallium scan
were 74 times greater for sites with a focus of infection
than for those without. For the patients on steroids, the
equivalent odds ratio was 83 while for patients not on
steroids the odds ratio was 62. For patients on steroids,
given that the gallium scan was negative, the probability
ofa false negative is (Table 3): c/(c + d) = 2/ 17 = 0.12.
For patients not on steroids, the probability of a false
negativeresult is c'/(c' + d') = 2/12 = 0.17 (Table 3).
For the combined data, given that the gallium scan was
negative, the probability of a false negative is (Table 4):
c/(c + d) = 4/29 = 0. 14. The estimated sensitivity of
the gallium scan is 94% (100 x 59/63).

We also used loglinear modeling to determine
whether the outcome of the gallium scan was different
in the group of patients who were undergoing dialysis
or who had a renal transplant (dialysis/transplant pa
tients), as compared with the others (see Appendix).
The simplest model that fits the observed data is Model
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TABLE 3
Operating Characteristics of Gallium Scan Results in Patients With or Without Infections, When Pat

and Not on Steroids are Reported Separatelyients
onSteroidsSteroids

NosteroidsInfection

InfectionPresent

AbsentPresentAbsentGallium
Pos (a) 22 (b) 2 (a') 37(b')3(26.0)

(2.2)(33.0)(2.8)ScanTest

Neg (C) 2 (d) 15 (C') 2(d')10(1.8)
(11.0)(2.2)(14.0)The

expected values for MOdel 2 are in parentheses.

TABLE5Summary
of LoglinearModels for the Effect ofDialysis/Transplant

(R) on the Outcome of the GalliumScan(G)for
Detecting Foci of Infection(I)Modelno.

Model DF G2p-value1

(I)(G)(A) 4 72.2<0.0012
(R)(lG) 3 13.630.0033
(IG)(RG) 2 2.940.234
(IG)(RG)(RI) 1 2.500.115
(IGR) 0 0 1.0

TABLE4Operating
Characteristics of GalliumScan Results in

Patients With or Without Infections. (Obtained by
CollapsingTable 3 over the Steroid Dimensionas

Permitted for Model2)InfectionPresent

AbsentGallium
Pos (a) 59 (b)5ScanTest

Neg (C) V4 (d) 25

patients, there was no evidence that negative results
were related to any difficulty by the patients to accu
mulate gallium.

The useof antiinflammatorysteroids,and the pres
ence ofpreexisting renal dysfunction, or hepatic disease
did not influence the gallium uptake. In the following,
we excluded pancreatitis. In the 65 patients studied, 30
were on steroids during the time of scanning. These 30
patients had a total of 39 scans on 41 target body sites.
Twenty-four various body areas accumulated gallium
suggesting infection or inflammation and only two were
falsely positive: in the thigh and lung. Seventeen target
body sites did not accumulate gallium. Fifteen of these
were true negative scans, and two were false-negative
scans.One false-negativescanwasin a patientwitha
draining abdominal fistula and abdominal abscess. Our
second false-negative gallium report was on a patient
with an abdominal abscess where an abdominal gallium
study was initially negative, but eventually positive 1
mo later. The accuracy of gallium scan in patients on
steroids was 100 x 37/41 = 90%. Comparing these
percentages with the accuracy of the gallium scan in
those patients not on steroids within 7 days of the
gallium study (35 patients with 52 target sites), there
were 37 true-positive, ten true-negative, two false-neg
ative, and three false-positive uptakes. The accuracy of
the gallium scan in our patients not on steroids was 100
x 47/52 = 90%.

Forty-three of our study patients had either renal
and/or severe liver disease at the time of their gallium

3 in Table 5: (IG) (RG). The observed and expected
values for this model are reported in Table 6. The
interpretation ofthis model is that the incidence of foci
of infection is independent of whether the patient is a
dialysis/transplant patient or not, but the outcome of
the gallium scan is associated with infection (I) (as
previously noted) and with dialysis/transplant (R).
From the data in Table 7, we may calculate the odds
ratio for the RG interaction:

odds ratio=@@@ = 0.22.

Thus, the odds of a dialysis/transplant patient having a
positive gallium scan is only 0.22 times as great as for
a patient who is not in the dialysis/transplant group.
Since this result could be due to a possible inability of
these patients to localize tissue infections and mount
an efficient inflammatory response, both ofwhich could
theoretically lead to difficulty in diagnosing with radio
nuclide, CT, and ultrasound scans, we examined the
reasons more closely.

For the renal transplant patients, we found that the
high frequency oftrue-negative gallium scan results was
due to greater and earlier use ofgalhium scan procedures
in the febrile patient when the fever does not have an
immediate explanation. In patients undergoing hemo
dialysis, febrile episodes were usually due to infections
not amenable to diagnosis with gallium scan, i.e., tran
sient bacteremia or bacteriuria. In both groups of renal
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Galliumpositive. Galliu.mnegativeInfectionInfectionPresentAbsentPresentAbsentPresent(a)15

(b)0(a')2(b')15Dialysis/transplantAbsent(C)(1
3.8)

44 (d)
(45.2)(1

.2)
5

(3.8)(C')(2.3)
2 (d')

(1.7)(14.7)
10

(10.3).

The expected values forModel 3 are inparentheses.

TABLE7Operating
Characteristics of Gallium Scan ResultsinPatients

Withor Without Dialysis/Transplant.(Obtainedfrom
Table 6 by CollapsingOver the InfectionDimensionas

Permitted for Model3)Gallium
scanPositive

NegativeDialysis/transplant
Present (a) 15 (b)17Absent

(C) 49 (d) 12

TABLE 6
Operating Characteristics for the Effect of Dialysis/Transplant on the Outcome of Gallium Scans for Detecting Foci of

lnfection@

scans. Twelve patients had acute renal failure, 16 were
dialysis patients, eight renal transplant cases, five pa
tients with chronic liver disease and two patients with
hepatorenal syndrome at the time their scans were
studied. Again excluding pancreatitis from these data,
we evaluated results on 42 patients, two of whom were
admitted twice. These 42 patients had a total of 50
gallium scans of 57 target areas. There were only two
false-positive and four false-negative results for an ac
curacy of 100 x 51/57 = 89%. In comparison, 23
patients in our study did not have acute or chronic
renal or liver disease, and had a total of 30 scans of 36
body sites of which 25 were true-positive, eight true
negative, three false-positive and no false-negative re
sults, or an accuracy of 100 x 33/36 = 92%. Again,
preexisting liver or renal disease did not significantly
interfere with the ability to accumulate gallium in our
study population.

We also could not detect an obvious influence of
prolonged hospitalization on the false-negative rate.
Four cases with abscesses and false-negative scans, had
hospital days before scan procedures ranging from 7 to
37 days with a median of 16.5 days. The corresponding
figures in 41 patients with 59 true-positive uptakes,
again deleting pancreatitis, had a range of 1 to 1 15, and

a median of 18 days. The number ofpatients with false
negative results is too small for a meaningful analysis.

DISCUSSION

In this study, we have attempted to review our ex
perience to determine the clinical usefulness of gallium
scan and explore situations that may adversely influ
ence the results and interpretation of the procedure.
Our study reveals that the gallium scan is indeed a
helpful tool in the diagnosis ofinflammatory and infec
tious lesions. The greatest difficulty with gaffium scan
in our experience is in the detection of inflammatory
pancreatic lesions. Seven ofthe 11 false-negative results
were in patients who had acute pancreatitis. Our results

indicate that gallium scan is not an appropriate diag@
nostic procedure for acute pancreatitis. The possible
reasons for this difficulty are: (a) the deep body location
of the pancreas; (b) the non-focal nature of acute Un
complicated pancreatitis; (c) interfering normal liver
and bowel activities, and (d) the absence of a profuse
cellular exudation in uncomplicated acute pancreatitis.
Excluding pancreatitis from our results, the accuracy of
gallium scan is 90%.

Treatment with antiinflammatory steroidal agents,
liver disease, and end-stage renal disease did not inter
fere with gallium uptake and did not increase the scan's
false-negative rate. Prolonged hospitalization also did
not have an obvious effect on the results.

Since [â€˜â€˜â€˜In]PMNimaging has become available din
ically, gallium imaging is usually compared with this
newly available procedure. The reported advantages of
I I â€˜In-labeled leukocytes include: its higher target-to

background activity and therefore better images than
gallium, its lack of interfering activity in healing
wounds, and the absence ofnormal excretion of indium
into the gastrointestinal or genitourinary tract (6). The
major disadvantage of [â€˜â€˜â€˜In]PMNis its laboriousness
since cell labeling is required. Patient's blood must be
drawn, chemically treated for up to 2 hr, and then
reinjected before imaging. This requires a more thor
ough and careful quality control than gallium prepara
tion. Moreover, the specificity of [â€˜â€˜â€˜In]PMNfor infec
tion is not as high as originally hoped and its accumu
lation in the liver and spleen also interferes with imaging
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in the upper abdomen. If compared with the results of
gallium imaging using the procedure described above,
the specificities are comparable (9,10). Indium-l 11
PMN has a definite advantage, however, in lower ab
dominal imaging, since it is not excreted in the bowel
and the kidneys, and therefore, interfering normal up
takes in the pelvic region are absent. The difficulty of
abdominal imaging with gallium has been greatly mm
imized with our procedure and by obtaining oblique
views. Unlike [â€˜â€˜â€˜InJPMN,gallium scan does not re
quire cell labeling, and is readily available. However,
the results of gallium scan are not immediately obtain
able, often requiring 3 days for a complete abdominal
or pelvic study, with the uptake less intense.

Gallium scan using the procedure used in our insti
tution, continues to be a very useful method for imaging
inflammatory or infectious lesions. Immunosuppressive
treatment with steroids, and the presence ofrenal failure
or severe liver disease did not adversely influence the
accuracy of the test. Prolonged hospitalization also did
not have an obvious effect on the test results, although
the number of patients studied was not sufficient to
allow meaningful analysis.

APPENDIX

For readers who may not be familiar with loglinear mod
cling, we include a brief description of the method as applied
to the above data. Most readers are probably acquainted with
the chi-square method for analyzing 2 x 2 contingency tables.
For example, patients with infections and patients without
infections are categorized according to whether they produce
a positive result (accumulate gallium at a specific site), or a
negative result, when subjected to a gallium scan, and the
number of patients in each of the four categories are counted.
As is well known, chi-square analysis of this data reveals that
the presence ofa focus ofinfection is associated with a positive
result from the gallium scan.

In our work, we were interested in whether other factors,
such as steroid treatment, or dialysis and kidney transplanta
tion had any effect on the outcome ofthe gallium scan result.
When the presence or absence of a third factor is taken into
account, the data must be separated into eight categories,
which can be arranged into a 2 X 2 X 2 contingency table. In
the past, such data had been analyzed using three separate 2
x 2 tables. Such an approach is oflimited usefulness because
it does not allow a clear understanding of the effect of third
variables on the relationships between the other two, it does
not allow a simultaneous analysis of the 2 x 2 relationships,
and it is impossibleto determinewhethera three-factorinter
action exists. These problems may be solved by using three
dimensional loglinear modeling. The general logjinear model
for our data is expressed as:

lnm@k u + u@+ u@+ Uk+ U@j+ U1k+ u@k+ Uijk.

Note that this linear model is analogous to the linear models
used in analysis of variance. Because we are discussing a 2 x
2 x 2 table, each of the subscripts i, j, and k can have values
of 1 or 2, and the eight cells are identified by the subscripts
111, 112 . . . 222. In the above model, ln mUkis the natural

logarithm of the number of patients in cell ijk, e.g., cell I 11.
The value of u is the grand mean of the naturallogarithmsof
the expected counts in all the cells. The subscripted u values
represent deviations from the grand mean u. The u terms with
single subscripts i, j, and k denote deviations caused by the
single factors I, 0, and S. The double-subscripted terms rep
resent deviations caused by two-factor interactions between I
and 0, I and 5, and G and S. The triple-subscripted term
representsthedeviationcausedbythethree-factorinteraction
IGS.

The models in Table 1 form a nested hierarchy.Model 5
represents the general model, and models 1â€”4are special cases
of the general model. Model 1 is the model for complete
independence of I, 0 and 5, and is included only for com
pleteness of the discussion. If model 1 were the best model,
the gallium scan procedure would be useless for detecting foci
of infection. Because of the known association between a
focus of infection and a positive result from the gallium scan,
the IG interaction, must be included in all models being
considered. Thus, only two nested series ofhierarchial models
need be considered, the one in Table 1, and one in which
Model 3 is replaced by:

Model3': u+I+G+S+IG+IS.

Only the models ofthe form found in Table 1willbe discussed.
To produce the models in Table 1, we used the forward

selection procedure in which we started with the simplest
model, the model of complete independence (Model 1), and
systematically added the two-factor interactions one at a time,
starting with the IG interaction. Because the models are hier
archical, once a factor has been included in a model, it must
be included in all more-complex models.

In order to perform the actual statistical calculations, it is
first necessary to calculate the expected counts in each of the
eight cells of the 2 x 2 x 2 table, for each model in turn. A
general method that succeeds for all hierarchal models for a 2
x 2 x 2 table is the iterative proportional fitting procedure.
The details of the method are beyond the scope of this brief
explanation. However, this method is included in a number
of statistical packages, including SAS. We used PROC CAT
MOD from SAS to perform the calculations (11).

Having calculatedthe expected number ofpatients in each
cell for each model being tested, the likelihood-ratio test
statistic G2, is calculated for each model(Table 2). The statistic
G2is definedas:

G2 2 @(observed)1n[0@@@@ed
[expected

Partitioning a nested hierarchy ofmodels breaks G2down into
additive parts. As noted above, Model 1 is not a possible
model because it does not include the IG interaction term,
and this is confirmed by the value ofG2 = 62.35, (4 DF, p <
0.001). The observed number of patients is significantly dif
ferent from the number expected for Model 1.

For model 2, G2 = 3.76, DF = 3 and p = 0.29, which
indicates that the observed number of patients in each cell is
not significantly different from the numbers expected for
Model 2. Furthermore,by partitioningwe have: @G2 62.35
â€”3.76=58.59,DF=4--3= l,andp<0.001,which
indicates that Model 2 is a significant improvement over
Model 1.
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Continuing, Model 3 also fits the observed data very well
(p = 0.93). By partitioning we have:

@G2=3.76â€”0.15=3.6l,DF=3â€”2=Iandp>0.05.

Model 3 is not a significant improvement over Model 2.
Therefore, we stop partitioning, and accept Model 2 as the
simplest model that will satisfactorily explain the number of
patients we observed in each of the eight cells of the 2 x 2 x
2 table (Table 3). (Consideration of Model 3' leads to the
same conclusion). The explanation of the model is that I and
G taken jointly (IG) is independent of steroid treatment (5).
Simply stated, the results of gallium scans to detect foci of
infection are not influenced by treatment of the patients with
steroids. In view of the fact that the IG interaction is mdc
pendent of steroid treatment (5), we may collapse the two
tablesover the S-dimension,to giveTable 4. From this table
we may calculate the odds ratio for the IG interaction. (See
main body ofthe text).

We also used loglinear modeling to determine whether
patients with renal transplants and patients undergoing di
alysis were different from the other patients as regards the
outcome of gallium scans (Table 5). As noted previously, we
can excludeModel 1 from considerationbecauseit does not
include the IG interaction. Model 2 has a G2 value of 13.6
and an associated p-value of 0.003. This model is not an
adequate representation of the results because the observed
values are significantly different from the values expected for
Model2.

Model 3 is a significant improvement over Model 2 (i@G2
= 13.6 â€” 2.9 = 10.7, DF = 1, p < 0.001). In addition, the

observed values are not significantly different from the values
expected for Model 3 (p = 0.23).

ComparingModels3 and 4, @G20.44, DF = I, and p =
0.5. Model 4 is not a significant improvement over Model 4.
Wethereforestop partitioning,and acceptModel3 as the best
model: conditional independence of I and R, given the level
ofG, or (10) (RG)(Table 6). The interpretationofthis model
is that infection (I) is independent of dialysis/transplant (R),
but each is related to the outcome ofthe gallium scan (G). Or
stated more simply, the incidence of foci of infection is mdc
pendent ofwhether the patient is a dialysis/transplantpatient
or not, but the relationshipbetween the two is different for
the gallium-positivepatients as compared to the gallium
negative patients (Table 6).

Because I and R are independent, we may collapse over the
R-dimension to get Table 4, (which is exactly the same IG
interaction described previously for the analysis of the steroid

effect), and over the I-dimension to get Table 7, from which
we may examine the RG interaction. The odds ratio for Table
7 is:

15 x 12
odds ratio = = 0.22.

17 x 49

The interpretation being: given that the patient is a dialysis!
transplant patient, the odds of having a positive gallium scan
are only 0.22 times as great as for a patient who is not a
dialysis/transplant patient. The dialysis/transplant patients
are less likely to have a positive gallium scan because of the
greater utilization of this procedure in this group of patients,
as describedin the main body of the text.
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