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MAG3 SPECT: A Rapid Procedure to Evaluate the
Renal Parenchyma
George N. Sfakianakis and Mike F. Georgiou
Division of Nuclear Medicine, Department of Radiology and Department of Pediatrics, University of Miami School of
Medicine/Jackson Memorial Hospital, Miami, Florida

Renal parenchymal (cortical) scintigraphy (planar or SPECT) is
indicated for the diagnosis and follow-up of focal functional disor
ders, such as acute pyelonephritis, and for accurate quantitation of
split renal function, especially in cases of atypical location of the
kidney(s). This static imaging procedure is currently performed 3-5
hr after the injection of a cortical fixation agent, """Tc-DMSA or
"mTc-GH, and requires effective immobilization of the patient for 30

min. Methods: In five healthy adult volunteers and five children with
various clinical indications, SPECT renal parenchymal scintigraphy
was performed with a three-detector camera in 1-min per revolution
sequential intervals for a total acquisition time of 4 min, beginning
immediately after an intravenous injection of a graduated dose of 20
mCi (minimum 2 mCi) of the dynamic renal agent 99rnTc-MAG3.

Results: Tomograms of the renal parenchyma reconstructed in
three projections and volume-rendered reprojection of the SPECT-
volume data indicated normal or abnormal renal parenchyma.
Comparisons were made with planar MAG3 and SPECT-GH and
favored MAG3-SPECT. However, comparisons with DMSA indi
cated certain disadvantages of MAG3 SPECT. For most organs, the
radiation dose estimates from 20 mCi MAG3 were lower than those
from DMSA (6 mCi) or GH (20 mCi). Simultaneous injection of MAG3
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and a diuretic (2-40 mg furosemide) resulted in lower than usually
reported radiation dose estimates for the urinary bladder (target
organ) and the gonads, and allowed subsequent evaluation of the
drainage system. Conclusion: MAG3 SPECT is feasible, clinically
useful and may be offered as a rapid (4 min) renal parenchymal
imaging procedure, or it may precede planar dynamic (diuretic)
MAG3 scintigraphy.
Key Words: renal parenchymal scintigraphy;SPECT; technetium-
99m-MAG3; acute pyelonephritis; ectopie kidney; growth-arrested

kidney; split renal function

J NucÃMed 1997; 38:478-483

.High-resolution renal parenchymal (cortical) scintigraphy is
indicated for the diagnosis and follow-up of focal (functional or

anatomical) disorders of the kidneys, primarily acute pyelone
phritis and scars, especially in children (1-9). It is also useful in
evaluating the split renal function, particularly in cases of renal
ectopia, in certain renal axis deviations, and in ptotic or
wandering kidneys (10-14). Currently, the technique of choice
for renal parenchymal scintigraphy is static late imaging 3-6 hr
after an intravenous injection of a cortical fixation agent,
99mTc-glucoheptonate (GH) or 99mTc-dimercaptosuccinic acid

(DMSA). Imaging is usually performed in planar mode and
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multiple projections with parallel or pinhole collimation or, less
frequently, in SPECT mode with multidetector cameras and
high-resolution, parallel-hole collimation (9). The duration of
imaging sessions ranges between 30-60 min.

Technetium-99m-mertiatide (MAG3) is, primarily, a tubular
renal imaging agent and is used for planar dynamic studies to
assess global renal parenchymal flow and function and to
determine drainage adequacy of the kidneys (15-16). MAG3
dynamic studies do not require a waiting period after injection
of the radiopharmaceutical and their acquisition time is 20-30

min. However, due to its high extraction efficiency, MAG3
provides high-resolution parenchymal images 1-4 min after
injection and may be suitable for renal parenchymal (cortical)
scintigraphy. Some investigators have evaluated the use of
planar dynamic MAG3 scintigraphy for investigating the renal
parenchyma in urinary tract infection (UTI) patients. Variable
results were reported in different studies (17-20). In our
experience, the lack of three-dimensional information appears
to have a negative effect on the specificity of planar MAG3
dynamic imaging in the investigation of focal lesions of the
renal parenchyma (20). This prompted the evaluation of MAG3
for SPECT studies. In this article, we report our initial obser
vations on the feasibility of a rapid renal parenchymal SPECT
with MAG3 in normal adult volunteers and in children with
UTI or other renal parenchymal clinical problems.

MATERIALS AND METHODS

Patients
Ten patients were studied: five healthy adult volunteers, appro

priately informed, and five children with normal global renal
function (by plasma creatinine levels) and clinical indications for
renal parenchymal evaluation. One of the volunteers, with a history
of UTIs, had a DMSA-SPECT 2 yr previously. The five children
were studied with SPECT-MAG3 due to nonavailability of DMSA
and to obtain clinically needed renal parenchymal information.
Three infants (1-6 mo old) with UTI were evaluated for obstruc
tion with planar MAG3 scintigraphy, which indicated unilateral or
bilateral cortical areas with decreased function, suspicious for acute
pyelonephritis (APN). The fourth child, with a past history of UTI,
was evaluated for renal cortical anatomy and split function with a
GH-SPECT, that, despite hydration and diuretics, was suboptimal
due to collecting system retention of activity. A 6-day-old infant
with an ectopie kidney by planar MAG3, was studied to assure
accurate measurement of the split renal function, which could not
be obtained with the planar study due to different location and
attenuation of the kidneys.

Methods
Commercially available betiatide in a kit form (TechneScan

MAG3, Mallinckrodt Medical Inc., St. Louis, MO) was labeled
with freshly eluted 99mTc-pertechnetate to prepare 99mTc-merti-

atide (MAG3). For this protocol, the adult dose was 20 mCi (740
MBq) and the pediatrie dose was calculated according to body
weight using the formula 20 mCi X weight/70 kg (or 150 Ib). The
minimum dose injected was 2 mCi (74 MBq). Immediately after
the injection of the radiopharmaceutical, all patients received an
intravenous dose of 1mg/kg, maximum 40 mg, furosemide (Lasix).
Timing of bladder voiding was reported by the volunteers and was
observed and recorded in the children.

Imaging was performed using a three-detector camera (Triad,
Trionix Laboratories, Twinsburg, OH). After oral hydration (tar
geting an optimum 10 ml/kg), the patient was appropriately
positioned inside the gantry of the three-detector camera and was
restricted, as needed, without sedation. An indwelling needle
(butterfly) was inserted into an antecubital vein and tested for
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FIGURE 1. (A) Transaxial renal MAG3 SPECT images in a normal adult
volunteer were reconstructed from the second (upper panel) and third minute
(lower panel) of the acquisition sets. Slice thickness is 1 cm (3 pixels). Arrows
indicate activity inside the drainage system. (B) Transaxial MAG3 SPECT
images reconstructed from the initial 2-min (upper) and 3-min acquisition

sets (lower).

leaks. Acquisition was initiated immediately before the injection of
MAG3 and furosemide.

Fast dynamic ECT acquisition was performed for 4 min at one
revolution per minute (120Â°rotation for each one of the three
detectors) in a continuous noncircular mode with 3Â°angular bins.
Low-energy ultra-resolution collimators were used. The acquisition
matrix was 128 X 64 (16 bits/pixel). Data for each minute were
acquired and stored individually to obtain four 1-min dataseis.

After the 4-min SPECT acquisition period, the current protocol
of MAG3-SPECT provided three options: (a) when a patient was
evaluated for renal parenchymal disorders exclusively (e.g., to rule
out acute pyelonephritis), the study was concluded at 4 min; (b)
when general information about kidney drainage was also needed,

1+2

1+ 2 + 3

FIGURE 2. Coronal and sagittal MAG3 SPECT images reconstructed as in
Figure 1B: upper panel, 1+2 min; lower panel, 1 + 2 + 3-min sets. Arrow

indicates activity within the drainage system.
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TABLE 1
Renal Parenchymal Counts and Kidney-to-Background Ratios

RGURE 3. Selectedviewsfrom the 36 reprojection(RPJ)imagesof the
volume-renderedMAG3SPECT/RPJ,which was reconstructedaftergroup
ing the initial 3-min acquisition datasets of the same study as shown in
Figures1 and 2.

the patient remained in the laboratory and a static image was
obtained with a planar camera at 20 min postinjection; and (c)
when diuretic renography was also indicated, the investigation
continued for an additional 18 min in planar dynamic mode and
posterior projection using one detector of the SPECT camera (27).

The above SPECT acquisition protocol provided four 1-min sets
of raw data corresponding to the 4-min acquisition period. Recon
struction was performed for each one of the four 1-min raw data
sets individually and for two grouped raw data sets obtained
during: (a) the initial 2 min of the acquisition period ( 1 min + 2
min sets) and (b) the initial 3 min ( 1 min + 2 min + 3 min sets).
Reconstruction of these grouped sets was performed after the
corresponding projections from each revolution were added appro
priately, two or three together, to form new ECT sets.

A three-point slice smoothing was applied with coefficients [ 1 3
1]. A Hamming filter with 1.20 cycles/cm high cutoff frequency
(2.247 cycles/cm Nyquist) was used. Reconstructed slices were in
a 128 x 128 (16 bits per pixel) mode. Attenuation correction was

FIGURE4. SPECTrenalstudiesinan adultvolunteerwitha pasthistoryof
pyelonephritis and a small defect in the lower pole of the right kidney
postero-medially(arrows).Upper two rows:Transaxial,sagittaland coronal
DMSASPECTimagesreconstructedfrom 30-min acquisitiondata 4 hr after
injectionof 6 mCi DMSA (stop-and-shoot,20 sec/view, 120Â°x 3 rotation,
5Â°/stop).Lower two rows: Corresponding MAG3 SPECT images recon
structed from the grouped initial 3 min of the acquisition datasets after
injectionof 20 mCi MAG3. Both studies were acquired and reconstructed
with the samecamera/collimator/computersystem.

PlanarMAG3(totalkidney)*1st

min2nd
min3rd
min4th
min1+2
min1

+ 2 + 3 minAdult110(2.4)205

(3.4)240
(4.7)260(5.1)315(3)554(4)Newborn23(1.4)27

(2.3)28(3)21(3)50(2)78

(2.5)SPECT-MAG3

(1-cmthick
slice)1Adult100(3.5)180(12)230(18)Not

useful280
(9)510(15)*Newborn8(3)20(4)25(6)25(7)26(3)56(4)

'Representativetotal kidneycounts (inthousands)after administrationof
10 mCi of MAG3 in one adult and 1 mCi in one newborn. Kidney-to-
background(circumferential)ratiosare in parentheses.Patientshad normal
renalfunction by creatininelevelsand MAG3scintigraphy.General-purpose
collimators,PickerDynaCamera(Cleveland,OH).

^Triecounts (inthousands)of a 1-cm thick SPECTslice (centerof kidney)

after injectionof 20 mCi MAG3 in an adult and 2 mCi in a newborn. The
kidney-to-background(circumferential)ratiosare in parenthesis.Ultra-reso
lutioncollimators,Trionix (Twinsburg,OH).

*When6 mCi of DMSAwas used in this adult patient for DMSASPECT,
correspondingvalueswere 1,700(46).Ultra-resolutioncollimators,Trionix.

applied. Transaxial, coronal and sagittal slices were reconstructed
in 1-cm thickness. The images were not reoriented because it was
not needed for this study. Finally, volume-rendering, standard
reprojection images (RPJ) were generated from the 3-min grouped
SPECT data (22). Studies were reviewed on the computer display.

RESULTS
SPECT images reconstructed from either the second- or

third-minute raw data sets (Fig. 1A), and from grouped data of
either the initial 2 or 3 min of acquisition (Fig. l B and Fig. 2)
visualized the renal parenchyma with acceptable clarity, con
trast and detail. The distribution of the activity in the renal
parenchyma (cortex and medulla) was uniform by visual eval
uation. SPECT images reconstructed from the grouped data

â€¢ *t *â€¢
â€¢Â»*Â»*â€¢

RGURE 5. RenalMAG3 studiesin a 6-mo-oldinfantwith firstUTI. Top:
Routineplanarposteriorsequential2-minimagesobtainedwith anall-purpose
collimator.Thesearethe first threepostinjectionimages.Middleand bottom:
SPECT/RPJimages (next day). Selected projectionsas in Figure 3. Both
studies showed that the upper pote of the left kidney was not functioning
(withoutvolumeloss),which is compatiblewith acutepyelonephritis(arrows).
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FIGURE 6. Renal MAG3 studies in an infant with UTI. Top: Planar images
acquired as in Figure 5. A small area with decreased activity of questionable
significance is visible in the right lower pole (arrow). Middle and bottom:
SPECT/RPJ images (2 days later, selected projections as in Fig. 3) indicate
no abnormality in the region, which appears slightly thinner than the con-

tralateral lower pole.

were of better quality because of a higher count density.
However, the third-minute data (either alone or grouped with
the first and second minute), showed activity in the deeper
layers of the parenchyma (medulla and peripheral portions of
calices) and, occasionally, in the central collecting system
including the pelvis (Figs. 1, 2). The renal parenchymal images
were evaluated in transaxial (Fig. 1), coronal and sagittal
projection (Fig. 2). In addition, volume-rendered RPJ images
generated from the initial 3-min grouped SPECT data were
useful in providing an easily comprehensible three-dimensional
impression of the functioning renal parenchyma (Fig. 3).

MAG3 SPECT images reconstructed individually from the
first or fourth sets of the 1-min sequential raw data could not be
used because of low count density in the first set, and interfer
ence by the drainage system, which was prominent in the fourth
set. In this group of patients with normal renal function, the
fourth-minute data were not useful and were not used for
parenchymal imaging. However, the first-minute data were

*

*
RL

LL

FIGURE 7. MAG3 studies in an
asymptomatic newborn with a his
tory of an ectopie kidney found on
perinatal ultrasonography. Top: pla
nar images obtained as in Figure 5.
Middle and bottom: SPECT/RPJ
selected images indicating the lack
of fusion of the two kidneys (ar
rows). Split renal function by SPECT
was calculated as 45% for the ec
topie kidney in contrast to 30% by
planar imaging. The greater attenu
ation (spine, more anterior position)
of the ectopie kidney on the planar
posterior image was the reason for
the lower value.
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FIGURE 8. Diagram of the percent injected dose of MAG3 accumulated in
the bladder compared with time of residence. Area A is the same without or
with induced diuresis. The entire Area B applies to patients without diuretic.
Furosemide, however, resulted in a much lower residence time, as indicated
by the small spikes at the bottom (C,-C7). Bladder exposure, a factor of the
area under the curve, is greater (x 3) without diuretic (A + B) than after
furosemide (A + C1_7).

useful when grouped with the second- and third-minute acqui
sition sets, as described above.

In comparison with DMSA SPECT in the adult volunteer
who had been studied previously with the same camera, MAG3
SPECT images of the renal parenchyma were of somewhat
inferior quality (because of lower contrast with the background
and less sharp edge definition), but equally diagnostic (Fig. 4,
Table 1).

In the children, MAG3 SPECT studies provided clinically
useful information. These compared favorably with planar
MAG3 and GH SPECT studies performed within 4 days.
Specifically, in two infants, MAG3 SPECT confirmed the
existence of focal parenchymal lesions compatible with acute
pyelonephritis, as planar images indicated (Fig. 5) and, in
another infant, MAG3 SPECT clarified that the kidney was
normal even though the planar MAG3 study was suspicious
(Fig. 6). In a toddler with a suboptimal GH SPECT study,
MAG3 SPECT provided diagnostic images and accurate split

TABLE 2
Radiation Dose Estimates for DMSA, GH and MAG3

TissueBone

marrowTotal
bodyKidneyBladder

wallTestesOvariesrem/6mCiDMSA0.130.093.780.42-0.04-0.08-rem/20mCiGH0.130.203.405.60/2.40*0.26/0.
16T0.40/0.26trem/1

OmCiMAG3withoutdiuretic0.0180.0240.141.7*0.059*0.086*rem/20mCiMAG3with

IVdiuretic0.0360.0480.281,13*0.04Â«0.06Â§

'Assumed bladder void at 4 hr (MIRD Pamphlet No. 1, 1968).

Assumed bladder voids at 4 hr/or 2 hr (MIRD Pamphlet No. 11, 1975).
*Assumed bladder voids at 30 min and 4 hr [Stabin et al. (25)].
Â§Furosemide-induced diuresis; bladder voids at 30 min and subsequently

at frequent intervals (see Appendix).
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renal function quantitation values for both the normal and the
contralateral kidney with arrested growth, without interference
from drainage system activity, which had complicated the GH
study. Finally, in the newborn infant with an ectopie kidney,
MAG3 SPECT identified the location of the kidneys and their
split renal function more accurately than planar imaging (veri
fied by phantom studies) and provided evidence that the
kidneys were not fused (Fig. 7).

After hydration and under the effect of the diuretic, the five
adult volunteers emptied their bladders at 30 min (or earlier)
and at frequent intervals thereafter, which varied between 15
and 30 min for the first 2 hr and were no longer than 1 hr for the
next 2 hr. Infants emptied their bladders between 10 to 15 min
and again between 20 to 30 min postinjection and they followed
a pattern similar to the adults thereafter. Based on our data of
diuretic-induced frequent bladder voiding, a reduction in radi
ation dose estimates for the bladder wall and the gonads was
calculated down to approximately 1/3 of the levels estimated
from the same dose of MAG3 without a diuretic (Fig. 8, Table
2, Appendix).

DISCUSSION
DMSA is considered to be the best renal parenchymal

imaging agent followed by GH. However, both require a
waiting period of at least 3-4 hr after injection, an acquisition
time of no less than 30 min and effective immobilization or
sedation of the patient. Radiation exposure target organ for both
radiopharmaceuticals is the kidney or the bladder wall for GH
under certain voiding assumptions (Table 2).

Technetium-99m-MAG3 is a renal radiopharmaceutical with
properties that make it suitable for dynamic studies. It appears,
especially from data in the rat (23), that it is filtered only
2%-5% per pass because it is strongly protein bound. However,

in both the rat (23) and the human (24), it is excreted actively
by proximal tubular cells at a high rate of 55%-60% per pass.

After an intravenous administration as a bolus, a large amount
of injected MAG3 activity quickly accumulates and travels
through the cortex into the medulla and the intrarenal drainage
system and finally into the ureter. In the normal kidney, this is
usually accomplished within the first 4 to 5 min after injection.

Due to the high extraction efficiency (60%) and the dramatic
double exponential initial decline in plasma activity, a substan
tial contrast between the renal parenchyma and the background
is generated during this early period (Table 1). During the first
4 min after injection, however, great variations in the renal
parenchymal counts occur. These variations are expressed
diagramatically by the renogram, which shows pronounced
changes in the count rate during this period. Nevertheless, these
4 min are the most suitable for acquisition of SPECT data
because the highest count rates and target-to-nontarget ratios
occur during this time. To compensate for the lack of uniformity
in parenchymal activity, a repeated rapid acquisition in 1-min
sequential intervals for 4 min was used in this study. The
kidneys were imaged repeatedly in 1-min intervals by a 360Â°
acquisition mode (120Â°/detector) and, for each minute, a sepa

rate SPECT study was produced, resulting in uniform paren
chymal activity by visual evaluation.

Finally, to acquire a sufficient number of counts and after
careful evaluation of clinical data (Table 1), it became apparent
that a minimum of 20 mCi MAG3 in the adult and a graduated
dose of 2-20 mCi in the infant and child (0.3 mCi/kg, minimum
2 mCi) were needed for MAG3 SPECT. The recommended
dose for MAG3, however, is 10 mCi and the radiation exposure
target organ the urinary bladder (Table 2). One may observe,
though, that for the total body, the bone marrow and the kidney,

the exposure from 20 mCi MAG3 is less than from the
recommended dose of DMSA or GH (Table 2). In addition, the
administration of a diuretic-accelerated drainage system and
bladder emptying, thus reducing radioisotope residence and
radiation exposure of these organs to levels below those from
10 mCi dose (Table 2, Appendix).

For the model used in the Appendix, a constant monoexpo-
nential elimination of MAG3 in the urine was assumed that is
an oversimplification. The frequent voiding after 30 min was
observed in a small group of well-hydrated and appropriately
instructed normal volunteers and may vary in the clinical
environment. On the other hand, in infants the diuretic resulted
in faster emptying of the bladder (usually at 10 min and also at
20-30 min postinjection). In addition, the diuretic effect in

creases bladder volume, dilutes MAG3, reduces the conversion
electron radiation to the bladder wall and further reduces the
radiation dose, in a manner not considered here. Therefore, the
estimates are approximations and more precise modeling is
required for accurate values.

The image quality and clinical usefulness of MAG3 SPECT,
performed as described above, was acceptable in the five
normal adults (Figs. 1-3). In the five children, it was superior to

planar MAG3 (Figs. 5, 6) and to SPECT GH; SPECT MAG3
was somewhat inferior to DMSA SPECT (Fig. 4), because of
the latter's higher count density and contrast with the back

ground (Table 1), however, the clinical information was suffi
cient to make the diagnosis.

The advantages of three-dimensional imaging (MAG3
SPECT) in determining split renal function as compared to
planar MAG3 were also evident in the neonate with the ectopie
kidney (Fig. 7). DMSA SPECT split renal function quantitation
has been reported (26) and results of phantom studies in our
institution proved the accuracy of similar MAG3 SPECT
quantitations.

The greatest advantage of MAG3 SPECT is the short dura
tion of the test, which requires no waiting period after injection
and is acquired within 4 min. Immobilization is easier for this
short period of time and sedation is not needed.

While reconstruction time may be somewhat longer than the
time required for DMSA SPECT, this is not a major concern
with the availability of fast computers. Multidetector cameras
are used in many hospitals for multipurpose applications (car
diac, bone, tumor, etc.).

In patients with a slight decrease in renal function, the
fourth-minute acquisition data may also be used for parenchy
mal imaging because visualization of the drainage system
would be delayed in such cases. In renal insufficiency, longer
acquisition periods may be necessary in either multiple 1-min
sets or in longer duration sets. Finally, the protocol provides for
cases in which obstruction may be a concern; either a static
image may be obtained at 20-25 min with a planar camera, or
a diuretic renography may follow the MAG3 SPECT session to
generate a comprehensive renal study (21). With increasing
clinical experience and systematic use, adjustments of this
technique may prove useful.

CONCLUSION
MAG3 SPECT of the renal parenchyma is feasible in

children and adults with normal renal function and provides
diagnostic information of focal disease and quantitative data for
renal function. The higher than usual dosage of MAG3 required
results in similar to a standard dose of DMSA or GH radiation
exposure of the total body, bone marrow and kidneys. When
combined with furosemide, exposure of the bladder wall, testes
and ovaries does not exceed that of the standard dose. The
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greatest advantage of this technique is that it allows the
completion of the study of the renal parenchyma within only 4
min after injection. Further experience on sensitivity and
specificity is required to establish and justify this procedure.
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APPENDIX

Estimation of Bladder Exposure When MAG3 Is Injected
with Furosemide

It is known that 70% of the injected dose of MAG3 is found in
urine 30 min after the injection (75). Assuming exponential rate of
elimination of MAG3 in the urine, 70% of the 30% (21% of the
original dose) will also be in the urine by the next 30 min and this
will continue until all the radioactivity is excreted.

When the patients empty their bladders at 30 min per protocol
(irrespective of the use of furosemide), bladder exposure during
this period is a function of the area underneath the 30-min curve
(Fig. 8, Area A).

Data without administration of a diuretic were compiled and
published assuming voiding at 30 min and then at 4 hr (25). Such
calculations provided estimates of bladder exposure that were
based on the exposure times indicated in Figure 8 as the area under
A plus the area under the continuous curve, B.

When 40 mg of furosemide was administered after hydration,
adults emptied their bladders at 30 min by protocol and the Area A
still applied. Under the effect of diuresis, however, bladder voiding
occurred not only at 30 min but also at 45, 60, 75, 90, 120, 180 and
240 min, based on our data. This resulted in avoiding the exposure
that is a factor of Area B and sustaining only the limited exposure
that is a factor of the small shaded regions C,^7 (Fig. 8).

On the basis of this model we find (approximately):
(Area with diuretic)/(Area without diuretic) = 1/3
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