
TABLE 1. PERCENT PROTEIN BINDING
Tc-99mDTPAOFBatch1st.

dose LastdoseMeanI3.2

3.63.423.0
3.43.232.8

3.63.2

Labeled DTPA and EDTA complexes have been
used to measure renal glomerular function with rea
sonable success and accuracy for the past decade (1â€”3).
Although Tc-99m(Sn)DTPA (Tc-99m DTPA) was
initially inferior to Cr-S 1 EDTA in the measurement of
the GFR, recently introduced kits (4) give practically
identical clearance rates and have the added advantage
of being ideal for gamma-camera measurements due to
the 140-keV gamma emission from Tc-99m. To obviate
the need to obtain serial blood and urine samples, cx
ternal radionuclide counting methods have been devel
oped using these labeledchelates, whichgivea simple
accurate, noninvasive technique for the measurement
of renal glomerular function (5,6).

Standard probe renography and computerized dy
namic renal emission studies have been performed cx
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tensivelyto studydiseasedrenal functionand morphol
ogy,usingeitherorthoiodohippurate(I-131or I-123) or
Tc-99m DTPA, but each study period is short, usually
15â€”20mm (7). In the case of renal transplant patients,
renographyis routinelyperformeddailyor twiceweekly,
thus any sudden change in kidney function, (e.g., an
acute rejectionepisode)can remain undetected for as
long as 24 hrâ€”the time it takes for significant changes
in blood chemistry to developâ€”oruntil renography is
next performed.Thus valuable time can be lost before
instituting appropriate therapy.
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The purposeof thisstudywas to evaluatethe useof an externalcountIngtech
niqueto providedaily monitoringof kidney transplantfunctionby measuringthe
renal clearance of Tc-99m(Sn)DTPA. During the first few weeks following trans
plant, 15 patients had their renal clearance of Tc-99m DTPA measured daily over
periods of 5-24 hr. Clearance rates were compared with daily plasma creatinine
levels, and the effects of diurnal variation, drug treatment, and physical activity
noted. The results show that any significant fail in clearance rate of chelate, mdi
cating a rejection episode, preceded a rise in plasma creatinine levels by at least
24 hr One episode of transplant failure presented as a sudden deterioration in
clearance rate of chelate; in the others the change was more gradual but was still
apparent within hours. It is considered that this noninvasive, low-dose, easy-to
perform technique is of considerable value in extended daily monitoring of renal
functionand Issuperiorto standarddailyor twice-weekly renographyfor the early
detection of transplant rejection.
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Choice of external counting systems lies between a
relatively inexpensive, shielded, sodium iodide detector,
which has the disadvantage of being rather bulky, and
the lightweightbut expensivesolid-statedetectors,e.g.,
cadmium telluride, with accompanying data-storage and
processing ancillaries. The disadvantage of the light
weight solid-state systems, however, is their depth de
pendency, and appropriate safeguards and corrections
must be made if such a system is used.

Although we have used both types of detector suc

S..

cessfully, this paper presents the results of a study to
evaluate the feasibilityof using a simple NaI(Tl) de
tector and an external arm-counting technique to mea
sure continuously, or at least over a period of 5 hr daily,
the clearance of Tc-99m DTPA in renal allotransplant
patients.

MATERIALS AND METHODS

Fifteenpatientswhohad receivedrenalallograftswere
studied from the day following the transplant operation

FiG. 1. Plotof 24-hr arm count, corrected
24 for decay and protein binding, on patient

with normally functioning transplant.
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@-â€˜ARM COUNTING OF TC@â€•D.T.P.A.(sn) formedin order to assessoriginalrenal morphologyand
function. Subsequently they had their progress moni
toredbyexternalforearmcountingusinga 2-in.NaI(Tl)
detector with a sleeve collimator, linked to a timer/
scaler.Countswerecollectedfor 105cc,repeated twice
and averaged, every 15â€”30mm, (or as daily patient
management allowed) corrected for background, decay,
and the percentageof protein binding (8), and plotted
on semi-logpaper. Reproducibilitymeasurements for
the arm-countingdevice,usingboth a cobalt sourceand
the patient's forearm,gavebetween-countvariationsof
less than 1%. Studies were performed for at least 5 hr,
and in two cases up to 24 hr. The number of points
plottedranged from 20â€”50.Renalclearanceof Tc-99m
DTPA was measured in terms of the biological half-life
ofthe chelate (t112 biol.) (3), expressed in minutes, and
the exponential plotted for best fit by eye, then checked
by least-squares fit on a minicomputer.

Noncomplexed Tc-99m and protein-bound activity
occurring in vivowas estimated for the first and last dose
obtained from each batch of Tc-99m with a Sephadex
G-25 medium-gel chromatograph with a blue dextran
marker. The column was then longitudinally scanned
witha 2-in.NaI(Tl) crystaland a 1-mmslit collimator.
Protein binding was found to be between 3-4%, and
noncomplexed Tc-99m was less than 3% (see Table 1).
Protein binding of 3-4% may appear unacceptably
greater than the 0.4â€”1.8% found for several Tc-99m
DTPA compoundsrecently evaluated (4,9) but in their
studies the protein binding was estimated in vitro in in
cubated blood, which may well account for the differ
ence. Detectionof rejectionepisodeswasconfirmedby
biopsyin ten out of the I3 studied,and in the remaining
three by surgical exploration (see Table 2).
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FIG.2. Ruptureof ureteric anastomosis,with suddencessationof
glomerular function.

until they left hospital or the transplant was irreversibly
rejected. For the first 9 days following the transplant all
patients in this unit receive routine steroid pulsing.

At the beginningof each study, the patient was in
jected intravenously with 0.5 mCi of freshly prepared
lyophilized Tc-99m DTPA* and, where possible, had
1000-sec computerized scintigraphic renography per
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FIG. 3. Rejection episode, with deterio
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FIG.5. Comparisonbetweenrenal clear
ance of Tc-99m(Sn)DTPA and plasma
creatininelevelsinpatientsexhibitingIr
reversiblerejectionepisode.
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RESULTS

Figure 1 shows an example of a plotted 24-hr arm
count, corrected for background, decay, and protein
binding, on a patient where the transplant was func
tioning well.

From the results in Table 2 it is apparent that of the
15 allotransplants studied, three had no rejection epi
sodes over the period of the study. In the remaining 12
patients, 12 rejection episodes occurred of which four
were irreversible, resulting in death or removal of the
kidney. In one patient, rupture of the ureteric anasto
mosis occurred, with sudden cessation of glomerular
function (Fig. 2). Of the eight rejection episodes with
recovery after treatment, deterioration of glomerular
function was exhibited over a period of hours (Fig. 3).

When the clearance of Tc-99m DTPA was compared
with daily plasma creatinine levels in the patients cx
hibiting rejection episodes, it became obvious that a
closer relationship existed between Tc-99m DTPA
clearance rates and the plasma creatinine levels occur
ring 24 hr later, rather than those obtained on the same
day. (Correlation coefficients: same day, r 0.69; for
24 hr. r = 0.83; see Fig. 4.) Additional evidence that the
change in tracer clearance showed better correlation with
plasma creatinine levels 24 hr later, and paralleled a
deterioration in kidney function, is provided by the fact
that same-day plasma creatinine levels were significantly
less than those found 24 hr later (p <0.005) and 48 hr
later (p = <0.001). For patients exhibiting rejection
episodes, Figs. 5 and 6 show a comparison between renal
tracer clearance and plasma creatinine levels over I 6
days. A similar comparison in a patient without any
evidence of rejection is shown in Fig. 7.

DISCUSSION

Most renal transplant centers use several tests of renal
function to monitor the progress of a grafted kidney, but
none of these is able to provide a continuous measure of
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FIG.7. C0@Tlparls0nbetweenrenalclearanceof Tc-99mDiVA (t112)
and plasma creatinine levels In patient with normally functioning
transplant.

renal function. Computer-processed, scintigraphic
time-activity curves give a qualitative and quantitative
assessment of renal morphology and function over the
time taken to collect the data (usually about 1000 sec),
but as this type of renography is only performedrela
tively infrequently (e.g., once daily), a sudden change
in renal function may easily be missed.

Plasma creatinine levelsare usuallymeasureddaily,
so the same criticism applies to them; moreover, as de
scribed here, they take at least 24 hr to respond to a
changein renal function.On the other hand,continuous
or extended external counting using Tc-99m DTPA
provides a continuous monitor of renal clearance and
indicates any sudden change, such as rupture of the
ureteric anastomosis (Fig. 2). From the cases studied,
it is also obvious that even the more gradual rejection
episodes take place over a period of hours, and valuable
time can be saved in instituting treatment (heparin,
steroid pulse therapy, etc.).

An additional advantage in using Tc-99m DTPA is
that the initial 1000 sec following injection can be used
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FIG. 6. Comparison between renal clear
ance of Tc-99m(Sn@TPA(t112)andplasma
creatinine levels in patient with several
rejection episodes that responded to
treatment. DAYSPOSTTRANSPLANT
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to provide daily computer-assisted emission renograms
that enable a qualitative assessment of renal morphology
and various quantitative measurements of function (e.g.,
deconvolution) to be performed before external counting
begins.

The useof an externalcountingsysteminvolveslittle
expenseâ€”for example a single probe from a standard
triple-probe renography system can be disconnected and
used to perform the serial arm counts at the bedside. No
extra staff or training is required since the technicians
employedon routine tasks in the transplant ward are
fully capable of performing the relatively simple task of
recording serial counts and backgrounds. Obviously the
routine can be used to most advantage in the immediate
posttransplant period and can be continued until the
patient leaves the hospital or until irreversible rejection
is confirmed.

We conclude that the methoddescribedhere provides
a relatively simple and safe means of monitoring renal
function using minimal equipment with little inconve
nience to the patient.

FOOTNOTES

A Disagnostic Isotopes Incorp., NJ.
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The 2nd International Symposium on Radiopharacology will be held in Chicago, Illinois on September 9â€”il,1981.
Thepurposeof thesymposiumisto provideaforum for theexchangeofinformation relatedtothe biological behavior
of radiotracers used in biology and medicine. The need for the discussionof basic radiochemistryand radiotracer
pharmacologyis widely recognizedand it is hopedthat this symposiumwill serveto satisfythis need.

Sessions will include both invited and contributed communications in the following areas: basic radiopharmacological
technics; radiotracer design; basic radiotracer properties; biological studies using radiotracers; biological transport
of radiotracers; binding of receptors for radiotracers; mechanisms of localization of radiotracers; and radiotracers
metabolism.

Thoseinterestedin attendingor actively participating shouldcontact:
Dr. Lelio G. Colombetti

Chairman-Pharmacology Dept.
Loyola Univ. Stritch School of Medicine

Maywood, IL 60153
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