
and a correction for postvoiding residualvolume using pre
and postvoiding bladder images.

The purpose of the present study is to evaluate a simpler
quantitative measure of parenchymal retention. A previ
ously reported pilot study (4) indicated that the ratio of
background-corrected renal counts at 20 mm to that at 3
min conveyed diagnostic information similar to the El.
Here a detailed evaluation is presented in a largerseries of
patients.

METhODS

Five hundred fifty-five @Fc-MAG3renal transplant studies
fromtheclinicwerereviewed.Thesewere approximatelysequen
tial,althOUghin thesevere-diseasecategories,the samplesizewas
augmentedby the selectionof additionalcases that were out of
sequence.El values (obtainedfromthe routine report)were cal
culated,as descriled previously(3).Usinga wholekidneyregion
of interest(RO!),the ratioof the background-subtracted1-mm
countat 19to 20mmafterinjectionto that at 2 to 3mm(R@)was
calculated from time-activitydata recorded at the time of the
initialstudy A circumferentialROl aroundeach kidneywas used
for backgroundcorrection.The site of injectionwas imagedin
eachcase to excludesignificantinfiltrationof the injecteddose.

Thepatientswereassigneda clinicalclassificationon thebasis
of thechartreview,assigninga diagnosisfroma combinationof
previous history, subsequent course, laboratory measurements
and, when available,biopsy or nephrectomyfindings.The diag
nosticclassesusedwere normal(fl cases),ATN (145),AR (265),
chronic rejection (33), cydosporine-inthiced toxicity (12) and
other(28 cases). To dealwith ambiguitiesin classification,the
reliabilityof the diagnosisin each casewas assigneda gradefrom
0 to 4. To deal with variations in the severity of disease, the
severity was also assigned a grade from 0 to 4 in each case. The
severitygrade was assignedas follows:grade 0, no evidenceof
disease or normal post-transplantcourse with dramatic fall in
creatinine; grade 1, ambiguousclinicalcourse with mildly dc
@ratedcreatininelevel(21-2.4 mg/dlor increase < 0.5mg/dlfrom

baseline);grade 2, typicalbut mildclinicalcourse, mild severity
on biopsy,creatininetypically2.5 to 30 mg/dl,increase> 0.5
mg/dlfrombaselineof2.0 orlower; grade3, typicalclinicalcourse
of moderateseverity,biopsyfindingsof mildor moderatesever
ity, creatininetypically3.0 to 5.0 mg/dlwith slowrecoveryor no
recovery;and grade4, typicaland severe clinicalcourse, moder
ate or severe disease on biopsy, creatinine typically > 5 mg/dl
withpoorornorecoveiy.Patientsnotexactlyfittingoneof these

When imagingrenattranspiantsw@itubuleragents,suchas
mercaptoacetyltrlglydne,markedparenchymalretentionis a
hallmarkofacuterejection(AR)oracutetubulernecroels(ATN).
(ARcanbedistinguishedfromATh bythetimecourseonserial
studies.)The quantitativerelationshipof retentionto uptake can
bemeasuredbydMdlngthebackground-corrededrenalactivfty
at2Ommbythatat3 mm.Methods:Thediagnosticvalueofthis
ratio(R2@Jwastestedina seriesof555renograms.Because
patientswrnimilddiseasehaveminimalabnormalities,thepa
tientswererankedbytheirestimatedseverityofdisease(1â€”4for
abnormaland0 for normal).ResuI@R@ wasfoundto corre
latestronglywithseverityof AN (Spearman'sp = 0.879,p <
0.001,n = 168)andalsowithseverityofAR (p 0.888,p <
0.001,n = 267).Thereweretwo(3%)false-posltiveresultsIn64
normalpatients.Conclusion:If0.8istakenastheupperlimitof
normalforR@,thenamongpatientswithdiseaseseverity3or
4, there were nofalse-negativefindings In 104 patients with ATh
orin203patientswithAR.R@,despiteitsSimplicity,isan
effectivediagnosticparameter.

KeyWords: renalparenchymalretention;renaltransplentmar
captoacetyftuiglydne.
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nal parenchymal retention of mercaptoacetyltrigly
c@ine(MAG3) and orthordohippurate (Off!) is a well-recog
nized hallmark of acute rejection (AR) or acute tubular
necrosis (ATN). A quantitative measure of such retention
is useful for monitoringthe patient's course on sequential
examinations. At the authors' clinic, one such measure,
the excretoiy index (El), has been in routineuse for nearly
20 yr (1â€”3).The El is used to detect the onset of rejection,
to monitor the response to therapy and to distinguishATh
(which improves after the baseline post-transplant study)
from AR (which shows deteriorationon successive stud
ies). However, the measurement of El is cumbersome,
involving the collection and counting of urine specimens
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@Asual @onm@od
Racwa ratioof backgroundcorrectedrenala@MIyat20 mmdMded

bythatat 3 mm;El â€”excrato.yindex ERPFâ€”effectivereni plasma
flow.

categories were assigned to the nearest category, according to
clinicaljudgment.Factors that could interferewith the accuracy
of themeasurement(pelvicretention,overlapof kidneyby blad
der or infiltrationseen on the injection site image) were also
graded on a scale from 0 to 4.

Casesinwhichthe diagnosiswas unreliable(reliabilitygrade <
3) were excluded when correlatingR@,,or El with the diagnosis
but were includedwhen correlatingR@ with El.

Functionalimagesof R@ were obtainedby dividingthe 1-mis
imageat 19to 20mis after injectionby the 1-mmimageat 2 to 3
mmafterinjection,correctingforbackgroundand,if necessaiy,
manually translatingthe images to compensate for the patient's
motion.A semilunarROl lateralto the kidneywas chosenas the
background for the functional images (but not for the numeric
data, which used a circumferentialROl). A manual ROl was
drawnsurroundingthe kidney,andthe regionexternalto thisROl
was maskedoff to eliminatedistractingbackgroundnoise. The
numericvalues of R@ were displayedon a color code that
identifiedthe ranges: < 0.1, 0.1â€”0.4,0.4â€”0.8,0.8â€”1.2,1.2â€”1.6,
1.6â€”2.0,2.0â€”2.4,2.4â€”2.8and > 2.8.

To estimateparenchymalR@ fromthefunctionalimage,the
predominant color was selected from parenchyma that was over
laid neitherby bladderor collecting system norwas so peripheral
as to be unduly sensitive to patient motion.

RESULTS

For various technical reasons, the El or the R@ could
not be measured in eveiy case. Of the 555 cases, the El
could not be measured in 307, and the R@ could not be
measured in 135. The technical problems in the case of El
were failure to void (51 cases), indwelling catheter (43),
large postvoiding residualvolume (145), significantnative
kidney or prior renal graft function (none in this series),
overlap of bladderby kidney on images (21), pelvic reten
tion greaterthangrade 2 (26), dose infiltration(22), admin
istration of furosemide during renography (none in this
series) or other (9). In the case of the R@, the problems
were overlap of bladder by kidney on images (21 cases),
pelvic retention greater than grade 1 (104), dose infiltration
(22), administration offurosemide during renography (none
in this series) or other (5). (Dose infiltration,administration
of furosemide, overlap between kidney and bladder and
marked pelvic retention invalidated both measures. How
ever, because R@ was more sensitive than El to pelvic
retention, retention grades 0 to 1 were accepted for R@
and grades 0 to 2 for El). To sum up, measurement of El
was technically unsuccessful in 307 of 555 cases; R@
failed in only 135 of 555.

After these exclusions on technical grounds, there re
mained 207 cases in which both R@ and El could be
measured. The correlation between these two measures of
parenchymal retention is shown in Figure 1. Despite the
evident correlation, there is a great deal of scatter.

For the two largest disease categories, AR and ATN,
both R@ and El were correlated with the severity of
disease (graded 0â€”4).For this purpose, cases with a rei
ability of diagnosis below grade 3 were excluded (31 of
555).

FIGURE 1. Correlationbetween R@ and El. The equationof
thebeststral@tlineIsy = 2.09- 1.49x,butthetruerelationmay
be curvilinear.The correlationcoefficientIs0.76.

After this exclusion and exclusions for the technical
reasons described earlier, there remained 203 cases of AR
with technically valid R@, 129cases of AR with valid El,
104 cases of ATh with valid R@, 44 cases of ATh with
valid El, 64 normals with valid R@ and 34 normals with
valid El.

For these groups, the Spearmanrankcorrelationcoeffi
dents (with normals included) are shown in Table 1. Val
ues near + 1 and â€”1 indicate a strong positive or inverse
correlation, and values near zero indicate a poor correla
tion The correlationsare all highly significant(p < 0.001).
Observe that the correlation was stronger for R20,@than for
El. Significance tests for Spearman's rank correlation co
efficientare not readilyavailable, but because R@ is tech
nically simpler than El, it should suffice to show that it is at
least as good a diagnostic test as El; it need not be signif
icantly better. Table 1 shows that R@ is at least as good as
El.

For the 12 patientswho were believed clinically to have
cyclosporine-induced toxicity, the R@ was minimallyci
evated (mean 0.84, range 0.39â€”1.38),and the effective re
nal plasma flow (ERPF) was minimally depressed (mean

TABLE I
Correlationof FourDiagnosticCriteriawithClinicallyAssessed

Severityof DiseaseforAcuteRejectionandAcuteTubular
N@osis

AR AN

SJ@e8fm8n'8p n Speetman'sp n

Rane0.8882670.879168Elâ€”0.654163â€”0.69678ERPFâ€”0.578327â€”0.698215Fun@ionaI

lmage*0.8651690.843104
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FiGURE2. CorrelationbetweenR@ andseverityof AR.Per
centageotcasesfallingbelow(incaseofnormals)orabove(Incase
of abnormais)s@ed thresholdvalues of R@ for four different
gradesof diseaseseverity.The recommendedthresholdof 0.8 is
markedontheplot.

172 mI/min, range 100-235). The El was normal (mean
0.91, range 0.81â€”L04).

Functional imaging was performed on a subgroup that
includedpatients for whom a meaningfulR,@ could not be
measured directly (most commonly because of moderate
pelvic retention) and 15normals, 17patients with ATh and
36 patientswith AR. These results are also shown in Table
1. Obseive that the visual classification from functional
images yielded results similar to numeric measurement.

To illustrate these findings better, the cumulative fre
quency distributions for R@ and El are shown in Figures
2 to 5. A threshhold for separating positive from negative
results can be chosen from these curves, according to the
desired trade-off between sensitivity and specificity. At an
intersection of curves, the probability of a false-negative
finding equals the probability of a false-positive one. The
values chosen for subsequent analysis in this article and
that the authorsrecommend for generaluse are markedon
the plots. These are 0.8 for R@ and 0.7 for El. The mean
Â±s.d. of R@ for the 64 normals was 0.50 Â±0.16. For the

FiGURE 4. CorrelationbetweenElandseverityofAR.Percent
ageofcasesfallingabove(Incaseofnormals)orbelow(incaseof
abnormals)specifiedthresholdvaluesofElforfourdifferentgrades
ofdiseaseseverity.Therecommendedthresholdof0.7ismarkedon
theplot.

recommended threshhold, the diagnostic sensitivity of
R@ is shown in Table 2.

DISCUSSION

At this clinic, the status of a transplanted kidney is
monitored by radionucide function studies at frequent in
tervals during any acute problem, sometimes as often as
eveiy 2 or 3 days. A tubular agent (@Tc-MAG3 or
OIH) is used. The progress of disease and its response to
therapy are revealed by quantitative changes in ERPF and
El. These methods have been used routinely at this center
for nearly 20 yr and are well accepted by the clinical staff.
The two measures are complementaiy. ERPF is a clear
ance measurement, and the El, a measure of transit time,
tends to reflect filtration fraction. The glomerular filtration
rate is not routinelymeasured. The authors'preference for
imaging with tubular agentsâ€”OIH for many years and now
MAG3â€”isbased on the faster clearance, which permits
accurate clearance measurements to be made in a 45-mm
study and on the additional information provided by the

FiGURE5. CorrelationbetweenElandseverityOfATN.Percent
ageofcasesfallingabove(incaseofnormals)orbelow(incaseof
abnormals)specifiedthresholdvaluesof El for fourdifferentgrades
ofdiseaseseverity.Therecommendedthresholdofo.7Ismarkedon
theplot

FiGURE3. CorrelationbetweenR@ andseverityofAN. Per
centageofcasesfallingbalowQncaseofnormala)orabove(incase
of abnormals)specmedthresholdvaluesof R@ forfourdifferent
gradesof diseaseseverity.The recommendedthresholdof 0.8 is
markedonthep@
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PercentageofpatientshavingabnormalR@ANARNormal(n=104)(n=203)(n=64)Severity

% No.% No.% No.

AN = acute tubular necrosis;AR = acute reje@ion;R@ = ratio of
backgroundcorrectedrenalaciMlyat20mmdMdedbythatat3 mm.

El. El serves to quantifythe parenchymalretention,which
is a hallmarkof AR or ATh with tubular(but not glomer
ular) agents.

The principaldisadvantage of this approach is that it is
labor intensive. Measurement of the El requires, in addi
tion to an accurate clearance method, the collection and
gamma counting of an accurately timed quantitative urine
specimen, with a correction for the postvoiding residualby
means of pre- and postvoid bladder images. This prolongs
the durationof the camerastudy andadds to the laboratory
work andcomputerprocessing required.A simplermethod
would be desirableif it yielded similardiagnosticaccuracy.
The R@ is such a method.

A method is needed to separate cyclosporine-induced
toxicity from other causes of reduced transplant function,
but the preliminaryfindings in a small group of patients
thought to have such toxicity suggest that R@ is not the
answer. The findings in cyclosporine-induced toxicity re
sembled those in mild AR.

El measures the fraction of activity removed from the
blood that persists for a long time (35 mm) in the renal
parenchyma. The R,@ is a similar measure because the
activity in the kidney at 3 miii is proportional to ERPF. (It
has been shown that MAG3 clearance is directly propor
tional to 0114 clearance and thus to para-aminohippurate
clearance (5).) The choice of 20 mm was based on pilot
studies that showed diagnostic accuracy to fall if a shorter
time interval was used and to improve only slightly if a
longer time intervalwas used.

The R,@ was found not only to correlatebetterwith the
clinical status than the El, but also it was less susceptible
to technical problems. Measurementof El was technically
unsuccessful in 307 of 555 cases; R@ failed in only 135of
555.

The success rate for R@ can be further increased by
functionalimaging.The most common cause of failurewas
pelvic retention. Because the hallmark of AR or ATN is
parenchymal retention, unrecognized pelvic retention
would cause false-positive results. One way to deal with

TABLE 2
DiagnosticSensitMtyof Ratioof Background-CorrectedRenal
Acthiftyat 20 MinutesDMdedbyThatat 3 MinutesinAcute

TubularNecrosisandAcuteRejection

this would be to use a cortical ROl rather than whole
kidney ROl. However, it is difficult to draw a cortical ROl
accurately and reproducibly, and the results would be sen
sitive to patientmotion between the 3- and 20-mmimages.
We therefore chose a functional imagingapproachinstead
of a cortical ROl. Functional imaging,with color coding of
R@, offers a simple means to separate the renal paren
chyma from the collecting system and bladder when pelvic
retention is not too great. Problems related to patient mo
tion are readily detected Functional imagingwas found to
be most useful in confirmingnormalfunction because pel
vic retentionwas seldom a problemwhen ATh or AR was
severe. Figure 6 shows an example of a functional image
created by dividing the 1-mm-longframe at 19 to 20 mm by
thatat2 to3 mm.

CONCLUSIONS

1. R@ correlated closely with the clinically assessed
severity of AR and ATh, more closely than did the
El.

2. R@ was effective in separating patients with moder
ate to severe AR and ATN from normals, more ef
fective than the El.

3. R@ can be measuredwithout technical artifactsin a
higher percentage of transplanted patients than can
the El. The most common technical problems with
the measurement of R@ are pelvic retention and
overlap of the kidney by the bladder; preliminary
findings suggest that these problems can be elimi
nated by using functional images of the R@.

FiGURE6. TwocasesInwhIchfunctionalImagesof R@ were
useful.frop row)NormaltranspfentwfthpeMcretentionsecondary
to hydrationstate.Observethe normalconicalR@ (bue).The
A2013calculatedusingawhole-IddneyAOlwouldbe invalidbecause
ofthe@ retenton.(Bottomrow)AcuterejecUonw@upperpole
caI@ retention. Observe the prolonged parenchymal R@
(green).TheR2cw3calcu@ usinga whole-IddneyROlwouldbe
alevated,as e@eotedwfthre$ctlon,b@dthe devatlonm@ be
falselyattrIbutedto retainedurineIntheupperpole.
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Condensed from
15 YearsAgo:
Use of Technetium-99mas a RadioactiveLabel
to Study Migratory Patterns of Leukocytes
Tatsumi Uchida, Toshlo Nemoto, Tokuo YuI, Shin
Matsuda and Shlgeo Karlyone

Fukushima Medical College@Fukushima@ Japan

Technetium-99m has been used as a radioactive label to
study the mi@t(@rypatterns ofneutrophils. In a previous in
vitro study, neutrophils were labeled with @9â€•Tcand infused
intopatientswith andwithoutvarioushematologicaldisor

4. R@ is simpler to measure than the El, requiring no
urine collection, laboratory work or bladder images.
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ders. Increased pulmonary localization was detected by scin
tillationcamerawithin 10 mm;this decreasedgradually
within 3 hr. Accumulation was seen in the liver and spleen
at 3 hr. The same results were noted by using neutrophils
labeled with @Tc-sulfurcolloid. In a patient with severe
ulceration in the oral cavity due to acute leukemia, @Tc
labeledtransfusedneutrophilscollectedby filtrationleuko
pheresis were concentrated in the infected lesions.
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