
Or
ig

in
al

 R
es

ea
rc

h 
n

 N
uc

le
ar

 M
ed

ic
in

e

200� radiology.rsna.org  n  Radiology: Volume 284: Number 1—July 2017

1 From the Department of Radiology and Imaging Sciences 
(A.T.T., R.D.F., A.P., R.H.) and Department of Biostatistics 
and Bioinformatics (A.K.M.F.R., A.M.), Emory University 
School of Medicine, 1364 Clifton Rd, Atlanta, GA 30322; 
Veterans Administration Medical Center, Decatur, Ga 
(A.T.T.); and Departments of Biostatistics (A.K.M.F.R.) and 
Radiology (E.V.D.), University of Alabama, Birmingham, Ala. 
Received October 20, 2015; revision requested December 
5; revision received November 16, 2016; accepted Decem-
ber 8; final version accepted June 20. Address correspon-
dence to A.T.T. (e-mail: ataylor@emory.edu).

Study supported by National Institute of Diabetes and 
Digestive and Kidney Diseases (R01DK108070-01A1, 
R37DK038842).

q RSNA, 2017

Purpose: To determine if commonly administered doses of techne-
tium 99m (99mTc) mertiatide (MAG3) in the range of 300–
370 MBq (approximately 8–10 mCi) contribute to image 
interpretation and justify the resulting radiation exposure.

Materials and 
Methods:

The respective institutional review boards approved this 
HIPAA-compliant study and waived informed consent. 
Baseline and furosemide 99mTc-MAG3 imaging examina-
tions in 50 patients suspected of having renal obstruction 
and 48 patients suspected of having renovascular hyper-
tension (RVH) were randomly selected from archived 
databases and were independently scored by three expe-
rienced readers without access to 2-second flow images. 
Readers were blinded to their original scores, and then they 
rescored each examination with access to high-activity 
2-second flow images. Relative renal function was deter-
mined after a low activity (62.9 MBq 6 40.7) baseline ac-
quisition for RVH and a high activity (303.4 MBq 6 48.1) 
acquisition after administration of enalaprilat. Data were 
analyzed by using random effects analysis of variance and 
mean and standard error of the mean for the difference 
between sets of scores and the difference between relative 
function measurements.

Results: There was no significant difference in the scores without 
flow images compared with blinded scores with high-activity 
flow images for patients suspected of having obstruction 
(P = .80) or RVH (P = .24). Moreover, there was no signif-
icant difference in the relative uptake measurements after 
administration of low and high activities (P . .99).

Conclusion: Administered doses of 99mTc-MAG3 in the range of 300–370 
MBq (approximately 8–10 mCi) do not affect the relative 
function measurements or contribute to interpretation of 
images in patients suspected of having RVH or obstruction 
compared with administration of lower doses; unneces-
sary radiation exposure can be avoided by administering 
doses in the range of 37–185 MBq as recommended in-
current guidelines.
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were 370 MBq, and GE Healthcare 
stated that 54.5% were from 296 to 
370 MBq (8–10 mCi) and 40.8% were 
from 148 to 185 MBq (5–6 mCi);  
although GE Healthcare had no break-
down between adult and pediatric 
doses.

The primary rationale for the ad-
ministration of doses in the range of 
370–740 MBq appears to be the need 
to obtain sufficient counts to visualize 
the initial bolus in 1–3-second frames 
as the bolus transits the aorta and kid-
neys and/or to calculate quantitative 
flow indexes on the basis of these initial 
1–3-second frames (11–13). Although 
there are data to suggest that the flow 
study may be useful in the evaluation of 
renal transplants, neither 1–3-second 
flow images nor quantitative flow calcu-
lations obtained in the first few seconds 
after injection have been demonstrated 
clearly to contribute to the evaluation 
of suspected collecting system obstruc-
tion or renovascular hypertension (RVH) 
(1,4,11–14). If administered doses of 
99mTc-MAG3 in the 300–370 MBq range 
fail to provide additional diagnostic in-
formation, radiologists and nuclear med-
icine physicians would have the opportu-
nity to reduce the radiation exposure to 
their patients by substantially reducing 
the administered dose. The purpose of 
this study was to determine if commonly 
administered doses of 99mTc-MAG3 in the 

administered dose range of 185 MBq 
(5 mCi) to 370 MBq (10 mCi) for the 
average adult patient who weighs 70 kg 
(5). Currently available nuclear medi-
cine textbooks recommend doses for 
renal examinations ranging from 37 
to 370 MBq (1–10 mCi), 92.5 to 185 
MBq (2.5–5 mCi), and 370 to 720 MBq 
(10–20 mCi) (6–8). The administered 
activity is adjusted for infants and chil-
dren but rarely ever adjusted for adults. 
We recommend reducing the typical 
adult dose by 50% to 90%. Current 
guidelines indicate that an adminis-
tered dose of 370 MBq is unnecessar-
ily high for almost all applications, and 
that a range of 37–185 MBq is much 
more appropriate for the adult patient 
(1,4,9,10). Nevertheless, 370 MBq ap-
pears to be the most commonly admin-
istered dose. One of the authors (R.H.) 
contacted representatives from three 
nuclear pharmacies in Atlanta, Ga: 
Triad Isotopes reported that more than 
90% of its 99mTc-MAG3 unit doses were 
370 MBq, Cardinal Health stated that 
the majority of unit doses it dispensed 
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Advances in Knowledge

nn There was no statistically signifi-
cant difference in the interpreta-
tion of renal images in patients 
suspected of having obstruction 
when readers had access to the 
radionuclide angiogram (2-sec-
onds per frame images of the 
administered bolus of technetium 
99m [99mTc] mertiatide [MAG3], 
because it transits the abdominal 
aorta and kidneys) compared 
with their interpretation without 
access to the radionuclide angio-
gram; examinations were scored 
on a scale of 21.0 to 1.0, and 
the mean difference in scores 
was 20.0125 (95% confidence 
interval: 20.2035, 0.1785; P = 
.80).

nn There was no statistically signifi-
cant difference in the interpreta-
tion of renal images in patients 
suspected of having renovascular 
hypertension when readers had 
access to the radionuclide angio-
gram compared with their inter-
pretations without access to the 
radionuclide angiogram; the 
mean difference in scores was 
0.0250 (95% confidence interval: 
20.040, 0.090; P = .24).

nn There was no significant differ-
ence in the measurement of rela-
tive uptake after administration 
of a low dose of 99mTc-MAG3 
(mean 6 standard deviation, 
62.9 MBq 6 40.7) compared 
with a high-dose administration 
(mean, 303.4 MBq 6 48.1); the 
mean difference in relative 
uptake for the left kidney was 
0.75 percentage units (95% con-
fidence interval: 20.734, 2.34; P 
= .32).

Implications for Patient Care

nn There is no need to administer 
300–370 MBq (approximately 
8–10 mCi) of 99mTc MAG3 to 
achieve a count rate sufficient to 
obtain a radionuclide angiogram 
(2-second flow images of the 
bolus as it first transits the kid-
neys), because the radionuclide 
angiogram does not contribute to 
interpretation of imaging in 
patients referred for suspicion of 
obstruction or renovascular 
hypertension.

nn For most 99mTc-MAG3 renal im-
aging examinations, administra-
tion of doses as high as 300–370 
MBq (approximately 8–10 mCi) 
fails to have a diagnostic effect 
and results in unnecessary radia-
tion to the patient; our results 
support administration of doses 
for routine studies in the range 
of 37–185 MBq (1–5 mCi) as 
recommended by most experts 
and existing consensus 
guidelines.

T echnetium 99m (99mTc) mertia-
tide (MAG3; Technescan MAG3; 
Mallinckrodt, St Louis, Mo) is 

used widely for routine dynamic renal 
imaging and is the radiopharmaceu-
tical of choice for the evaluation of 
both children and adults suspected of 
having an obstruction (1–4). The pack-
age insert for 99mTc-MAG3 suggests an 
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of a tracer (1). A three-phase dynamic 
acquisition (baseline examination) was 
begun after the injection of 374.1 MBq 
6 29.6 of 99mTc-MAG3. Phase 1 con-
sisted of 24 2-second frames, phase 
2 consisted of 16 15-second frames, 
and phase 3 consisted of 40 30-second 
frames. At the end of the baseline ac-
quisition, an additional postvoid 2-mi-
nute image was obtained of the kidneys 
with the patient in the supine position; 
1-minute anterior prevoid and postvoid 
bladder images also were obtained to 
determine residual urine volume. For 
all the patients suspected of having 
obstruction, the baseline examination 
demonstrated one or both kidneys to 
have abnormal or equivocal uptake 
and/or drainage; consequently, each 
patient received a subsequent intrave-
nous injection of furosemide followed 
immediately by a second 20-minute 
dynamic acquisition consisting of 40 
frames of 30-second images. The major-
ity of patients (76%) received 40 mg of 
furosemide as recommended in consen-
sus reports (1,4); one patient received 
20 mg and 22% received a higher dose 
of furosemide because of poor baseline 
renal function (14).

Patients suspected of having 
RVH.—We used the 1-day imaging pro-
tocol and followed published guidelines 
for baseline and angiotensin converting 
enzyme inhibition studies obtained on 
the same day (15,16). A baseline ac-
quisition was obtained after a low-dose 
injection of 99mTc-MAG3 (62.9 MBq 6 
40.7). Patients then received an intra-
venous injection of 0.04 mg/kg (a max-
imum of 2.5 mg) of the angiotensin 
converting enzyme inhibitor enalaprilat 
(Teva Parenteral Medicines, Irvine, 
Calif). At least 15 minutes after ad-
ministration of enalaprilat, the patient 
received a high-dose injection of 99mTc-
MAG3 (303.4 MBq 6 48.1) followed by 
a second acquisition with the identical 
baseline acquisition protocol.

Data Processing
All patient studies were processed by 
using an updated in-house version of 
the QuantEM renal quantification pro-
gram (GE Healthcare, Milwaukee, Wis) 
that was introduced in the mid-1990s. 

equivocal for obstruction after the post-
void image, furosemide is administered 
and an additional 20-minute acquisition 
is performed. The subset of patients in-
cluded in our study was restricted to 
those who received furosemide, and, 
consequently consisted of patients more 
likely to have equivocal or abnormal re-
sults; this subset was chosen to allow 
the flow images the greatest opportu-
nity of affecting the interpretation, be-
cause flow images are unlikely to affect 
the diagnosis of obstruction in a patient 
with a baseline study with completely 
normal results.

We also evaluated the images of 50 
patients (48 men and two women) aged 
37–84 years (mean age, 63.5 years 6 
10.2); there were 48 men aged 37–84 
years (mean age, 63.8 years 6 10.2), 
and two women, aged 52 and 62, who 
were randomly selected from a Veterans 
Affairs database. The database contains 
the processed and unprocessed data of 
patients referred for a renal imaging 
examination because of suspicion of 
RVH. The preponderance of male sub-
jects was due to the fact that the pa-
tient population came from a Veterans 
Administration Hospital. Entry criteria 
consisted of all patients referred and ar-
chived for possible RVH beginning Feb-
ruary 6, 2012, and we chose 50 studies 
by working backward sequentially. Two 
of the patients suspected of having RVH 
had incomplete datasets and were ex-
cluded from further analysis, and four 
had a single kidney; consequently, 48 
patients (92 kidneys) were available for 
evaluation.

Acquisition Protocol
All patients were hydrated with 500 mL 
of water and positioned supine with the 
scintillation camera detector placed un-
der the table.

Patients suspected of having ob-
struction.—Studies were performed 
by using separate baseline and furose-
mide (Hospira, San Diego, Calif) ac-
quisitions, which represented a minor 
modification of the single-acquisition 
protocol recommended in the 1996 
Santa Fe Consensus Report on diuresis 
renography, in which furosemide was 
administered 20 minutes after injection 

range of 300–370-MBq (approximately 
8–10 mCi) contribute to imaging inter-
pretation and justify the resulting level 
of radiation exposure.

Materials and Methods

Patient Selection
This retrospective study was performed 
under the purview and approval of both 
the institutional review board and the 
Veterans Affairs Research and Devel-
opment Committee and was compliant 
with the Health Insurance Portabil-
ity and Accountability Act, or HIPAA; 
the requirement for informed consent 
was waived, because archived data 
were used in the study. A power cal-
culation was performed to determine 
the number of kidneys needed for the 
study (see the statistical section of this 
article). The population suspected of 
having obstruction consisted of 50 pa-
tients with ages ranging from 18 to 82 
years (mean age 6 standard deviation, 
52.1 years 6 17.3); there were 22 men 
with ages ranging from 28 to 82 years 
(mean age, 55.5 years 6 15.7) and 28 
women with ages ranging from 18 to 
80 years (mean age, 49.4 years 6 18.3) 
who were randomly selected from our 
archived database. This database cur-
rently contains the raw data of 578 ar-
chived renal examinations dating from 
January 5, 1994, to the present. Of 
these 578 examinations, 216 are cate-
gorized as showing suspected obstruc-
tion with the use of furosemide. The 
50 studies were sequentially selected 
from the archived studies categorized 
as suspicious for obstruction with the 
use of furosemide beginning on March 
24, 1998, and ending on April 10, 2010. 
Two patients had only one kidney; con-
sequently, the imaging data of 98 kid-
neys were evaluable for patients sus-
pected of having obstruction.

Our standard protocol for patients 
suspected of having obstruction is to 
perform a 24-minute baseline acquisi-
tion; if the baseline renal study results 
are within the normal range, obstruc-
tion is excluded and furosemide is not 
administered. If the baseline renal study 
shows either kidney to be abnormal or 
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was calculated by using the software  
on the basis of the integral of counts 
in the kidney region of interest 60–150  
seconds after the bolus reaches the  
kidneys (17). The imaging display in-
cluded sequential 2-minute images, 
which were smoothed by using a three-
pixel boxcar average in the x and y 
directions (Figs 1–3). The display also 
included patient demographics (height, 
weight, age, sex, and body surface area).

Imaging Interpretation
Three nuclear medicine physicians 
(A.T.T., E.V.D., R.H., each with 30 
years or more of experience in nuclear 
medicine) independently interpreted 

(4,17–19). The 99mTc-MAG3 clearance 
method has been validated previously 
in a multicenter trial (20). To process 
the studies, static image data were 
summed from frames obtained 2–3 mi-
nutes after injection. By using a filtered 
version of this image, whole kidney, pa-
renchymal (cortical), and background 
regions of interest were automatically 
defined. The user had the option to 
override any of these automatic regions 
of interest and replace them with man-
ual regions of interest. Background-
subtracted curves were generated for 
the whole kidney for automatic calcu-
lation of multiple quantitative param-
eters (4,16,18,19). Relative uptake 

The current in-house software incor-
porates several quality control proce-
dures to improve reproducibility and 
to detect patient motion automatically. 
The software also generates a series 
of common quantitative parameters to 
assist imaging interpretation, includ-
ing the relative uptake, time-to-peak 
counts, and the 20-minute-to-maximum 
count ratio for the whole kidney and 
parenchymal regions of interest, as 
well as the T one-half for the whole 
kidney and pelvic regions of interest; 
the software also generates voiding 
indexes (postvoid-to-prevoid and post-
void-to-maximum count ratios) and a 
camera-based 99mTc-MAG3 clearance  

Figure 1

Figure 1:  Planar 99mTc-MAG
3
 images of the kidneys in an 84-year-old man with hypertension, mild bilateral renal artery stenosis, diabetes 

with proteinuria level of 3 or more, and a serum creatinine level of 2.8 mg/dL. (a) Sequential 2-minute images after administration of low-dose 
(43.3 MBq,1.17 mCi) 99mTc-MAG

3
. (b) Sequential 2-minute images after administration of high-dose (203.5 MBq, 5.5 mCi) 99mTc-MAG

3
.
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examinations (98 kidneys) with access 
to the flow images approximately 2 
years after their initial interpretations.

Patients suspected of having RVH.—
As in the patients suspected of having 
obstruction, two separate analyses 
were performed. Initially, the baseline 
and enalaprilat 99mTc-MAG3 acquisitions 
were interpreted without flow images; 
readers scored each kidney for the pres-
ence of RVH on the 1.0 to 21.0 scale. 
After scoring each kidney, the readers 
were immediately given access to the 
2-second flow images and were asked 
to score each kidney again on the basis 
of the additional information. To avoid 
recall bias, readers were blinded to 
their original scores and independently 

with lower scores (those approaching 
21.0) indicating greater confidence 
in the absence of obstruction. After 
scoring each kidney, the readers were 
shown 2-second flow images (Fig 4)  
and asked to score each kidney again 
for the presence or absence of obstruc-
tion on the basis of the additional in-
formation provided by the flow images.

This study design incorporated the 
possibility of bias because the readers 
knew their initial scores when they 
rescored the examinations with the 
addition of the flow images. To avoid 
the recall bias that may have been in-
troduced by the study design, readers 
were blinded to their original scores 
and independently reinterpreted all 50 

each examination. All three physicians 
had access to a FileMaker Pro database 
containing abstracted clinical informa-
tion for each patient (21).

Patients suspected of having ob-
struction.—Two separate comparisons 
were performed. Initially, the baseline 
and diuretic acquisitions were inter-
preted without the flow images; readers 
scored each kidney on a scale from 1.0 
to 21.0; scores greater than or equal to 
0.20 indicated a diagnosis of obstruc-
tion, with higher scores approaching 
1.0, indicating greater confidence in 
the diagnosis of obstruction. Scores 
from 0.19 to 20.19 were indetermi-
nate, and scores of less than or equal to 
20.2 indicated nonobstructed kidneys, 

Figure 2

Figure 2:  Planar 99mTc-MAG
3
 images of the kidneys in a 52-year-old woman suspected of having RVH and serum creatinine level of 0.7 mg/

dL. (a) Sequential 2-minute images after administration of low-dose (74 MBq, 2.0 mCi) 99mTc-MAG
3
. (b) Sequential 2-minute images after 

administration of high-dose (370MBq, 10.0 mCi ) 99mTc-MAG
3
.



Radiology: Volume 284: Number 1—July 2017  n  radiology.rsna.org	 205

NUCLEAR MEDICINE: 99mTc Mertiatide: Image Wisely	 Taylor et al

reinterpreted all 48 examinations (92 
kidneys) with access to the flow images 
approximately 2 years after their initial 
interpretations.

Statistical Analysis
Power calculations were performed for 
two outcomes: score and relative uptake 
measurements. By using a standard de-
viation of 0.25 obtained from interrater 
variability of a separate study (22), a 
sample size of 50 kidneys provided 80% 
power to detect a minimum difference 
of 0.10 between scores at a significance 
level of .05 (if a difference existed). 
With a standard deviation of 4.0 per-
centage units obtained from the stan-
dard deviation of relative uptake mea-
surements in a normal population (23), 
a sample size of 50 kidneys provided 
power of 0.98 to detect a difference of 
3.0 percentage units at a significance 
level of .05 (if a difference existed). Our 

Figure 3

Figure 3:  Planar 99mTc-MAG
3
 images of the kidneys in a 76-year-old man with hypertension, chronic renal failure, creatinine level of 1.3 mg/

dL, and history of prostate cancer with pelvic radiation. (a) Sequential 2-minute images after administration of low-dose (40.7 MBq 1.1 mCi) 
99mTc-MAG

3
. (b) Sequential 2-minute images after administration of high-dose (347.8 MBq, 9.4 mCi) 99mTc-MAG

3
.

Figure 4

Figure 4:  Sequential 2-second planar flow images of the intial 99mTc-MAG
3
 bolus (373.7 MBq [10.1 

mCi]) as it transits abdominal aorta and kidneys in 44-year-old man with creatinine level of 1.05 mg/dL and 
moderate left hydronephrosis.
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knowledge of their scores without the 
flow images, the three readers were 
blinded to their initial scores, and they 
independently rescored the studies with 
the flow images approximately 2 years 
later. Again there was no significant dif-
ference between the initial scores without 
the flow images and the later scores with 
the flow images; the mean difference in 
these scores, standard error, 95% confi-
dence interval, and P value for the right 
and left kidneys and both kidneys com-
bined are provided in the Table.

Measurement of Relative Uptake
The relative uptake of the right and 
left kidneys calculated after the low-
dose (62.9 MBq 6 40.7 ) acquisition 
was compared with the relative uptake 
of the right and left kidneys calcu-
lated after a high-dose (303.4 MBq 6 
48.1) acquisition after administration 
of enalaprilat. There was no signifi-
cant difference in the relative uptake 
of 99mTc-MAG3 at high and low levels of 
activity for the left kidney (P = .32); the 
mean difference 6 standard error of 
the mean was 0.75 6 0.747 (95% con-
fidence interval: 20.734, 2.234). Simi-
larly, there was no significant difference 
in the relative uptake of 99mTc-MAG3 at 
high and low levels of activity for the 
right kidney (P = .32); the mean differ-
ence was 20.75 6 0.747 (95% confi-
dence interval: 22.234, 0.734).

The relationship of relative uptake 
with low and high doses for the left kid-
ney is shown in Figure 5; the slope of the 
regression line was 1.02 (95% confidence 
interval: 0.94, 1.10), the correlation 
coefficient was 0.96 (95% confidence 

images or clinical data become avail-
able. This design, however, had the po-
tential to bias the readers, since they 
had knowledge of their initial scores 
when they were given access to the flow 
images. To avoid this bias, the three 
readers were blinded to their initial 
scores and independently rescored the 
studies with the flow images approxi-
mately 2 years after the initial interpre-
tation. Again, there was no significant 
difference between the initial scores 
without the flow images and the later 
scores with the flow images; the mean 
difference in these scores, standard er-
ror of the mean, 95% confidence inter-
val, and P value for the right and left 
kidneys and both kidneys combined are 
provided in the Table.

Patients Suspected of Having RVH
For the initial comparison, readers in-
terpreted each examination and then 
reinterpreted it with access to the flow 
images and their original scores. Two 
of the three readers had no change in 
their initial scores with the addition 
of the flow images; the third reader 
changed the score of only one of the 
92 kidneys evaluated; the change in 
score was from 0 to 0.1, which did not 
affect the indeterminate diagnosis of 
RVH. Moreover, there was no signifi-
cant difference in the scores before and 
after the addition of the flow images; 
the mean of the difference in the scores 
was 20.0004; standard error, 0.0004 
(95% confidence interval: 20.0019, 
0.0012; P = .42).

Again, because readers may have 
been biased in the initial reading by 

study consisted of 98 kidneys suspected 
of obstruction and 92 kidneys for RVH 
studies, which provided considerably 
high power for detection of even very 
small differences (,0.10 for the score 
and 3.0 percentage units for the rela-
tive uptake) if they existed.

The difference between scores 
(with and without the flow images) 
was analyzed by using a random effects 
analysis of variance, which accounted 
for possible correlations among raters 
and for the correlation from the left 
and right kidneys of the same patient. 
Adjusted means and standard errors 
of the means from analysis of variance 
were presented for the left kidney, right 
kidney, and both kidneys combined. 
Relative uptake data were analyzed by 
using a paired t test; a plot with a re-
gression line was presented to provide 
the relationship between the high- and 
low-dose relative uptake values.

Results

Patients Suspected of Having Obstruction
When readers scored each initial exam-
ination and then immediately rescored 
each examination with access to the 
flow images and their original scores, 
two of the three readers had no chang-
es in their initial scores, while the third 
reader changed the scores of only two 
of the 98 kidneys evaluated, one from 
20.7 to 20.3 and another from 20.6 
to 20.5. In neither case did the change 
in score change the diagnosis of nonob-
struction. One of these patients had a 
urinary diversion partially overlying the 
kidney, and the other had a possible 
urinoma; the reader used the flow study 
to help evaluate the renal parenchyma 
before any urine was excreted. More-
over, there was no significant difference 
in the scores before and after the ad-
dition of the flow images; the mean of 
the differences was 20.0017; standard 
error, 0.0017 (95% confidence interval: 
20.0089, 0.0056; P = .42).

The study design mirrored clinical 
practice, in which a radiologist may 
form an impression on the basis of the 
initial analysis of an image but then may 
modify that impression as additional 

Mean Difference in Blinded Reader Scores

Kidney Mean Difference Standard Error P Value Confidence Interval

Suspected obstruction
  Right 20.0147 0.0467 .75 20.1065, 0.0771
  Left 20.0103 0.0467 .82 20.1022, 0.0815
  Combined 20.0125 0.0444 .80 20.2035, 0.1785
Suspected RVH
  Right 0.0145 0.0198 .46 20.0245, 0.0535
  Left 0.0355 0.0198 .07 20.0035, 0.0745
  Combined 0.0250 0.0151 .24 20.0400, 0.0900
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A major past indication for a renal 
imaging examination was for evaluation 
of transplants (11,13). Visual and quan-
titative evaluation of the radionuclide 
angiogram helped to distinguish be-
tween acute tubular necrosis and rejec-
tion with the use of administered doses 
in the 444–740 MBq (12–20 mCi) range 
(11,24). When 99mTc-MAG3 was intro-
duced in the late 1980s, evaluation of 
renal transplants was still an important 
indication, and many institutions, in-
cluding our own, adopted a protocol for 
using 370 MBq (10 mCi) of 99mTc-MAG3, 
the upper level of activity suggested by 
the 99mTc-MAG3 package insert (5). As 
the number of examinations for trans-
plant evaluation became progressively 
less frequent and almost disappeared, 
the 370 MBq (10 mCi) protocol and the 
perceived importance of the radionu-
clide angiogram for optimal imaging in-
terpretation persisted. Once a specific 
protocol is established and adopted 
by clinicians and technologists, it may 
tend to remain in textbook recommen-
dations and clinical practice even when 
the rationale for the protocol no longer 

be justified on the basis of more ac-
curate imaging interpretation. Our 
study had more than adequate power 
(greater than 0.8) to detect a small 
difference of 0.1, which represents a 
5% difference on our scale and, unless 
that change was on the decision cusp 
of 0.2 or 20.2, a 5% change would 
not be clinically meaningful. Another 
important finding of our study was 
the observation that there was no 
significant difference in relative up-
take measurements obtained after 
administration of doses in the range 
of 37–74 mBq (1–2 mCi) compared 
with administration of much higher 
doses in the range of 300–370 MBq 
(8–10 mCi). Power analysis confirmed 
that the test had adequate power; we 
could detect any difference greater 
than three percentage units at a sig-
nificance level of .05 with a power of 
0.98. Although determination of rela-
tive renal function is another common 
indication for a renal examination, 
there is no need to administer high 
doses to increase the accuracy of the 
relative renal function determination.

interval: 0.94, 0.98), and the intercept 
was 20.23 (95% confidence interval, 
24.84, 4.37). For the right kidney, the 
slope of the regression line was 1.02 
(95% confidence interval: 94, 1.10), the 
correlation coefficient was 0.96 (95% 
confidence interval: 0.94, 0.98), and the 
intercept was 21.65 (95% confidence 
interval: 25.91, 2.61). For both left and 
right kidneys, the slopes of the regres-
sion lines were not significantly different 
from 1, and intercepts were not signifi-
cantly different from zero. These results 
show that relative uptake values are not 
affected by the amount of the dose.

Discussion

Our major finding is that visual inspec-
tion of the radionuclide angiogram 
had no effect on the interpretation of 
99mTc-MAG3 examinations obtained in 
patients suspected of having obstruc-
tion or RVH. Consequently, for these 
indications, administration of doses in 
the range of 300–370 MBq or higher 
to adequately visualize the bolus as it 
transits the aorta and kidneys cannot 

Figure 5

Figure 5:  Scatterplot shows relative uptake of left kidney after low-dose (62.9 MBq 6 40.7) acquisition and high-
dose (303.4 6 48.1 MBq) acquisition after administration of enalaprilat. Mean slope of regression line 6 standard 
error of the mean for respective relative uptake values was 1.02 6 0.04, not significantly different from unity (P = .65). 
Correlation coefficient was 0.96 and mean intercept 6 standard error of the mean was 20.23 6 2.29, not signifi-
cantly different from zero (P = .92). CI = confidence interval.
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minimizing risk by using the lowest 
radiation dose possible to achieve 
an acceptable diagnostic image. This 
principle has been incorporated in the 
Image Gently and Image Wisely cam-
paigns and is clearly stated in the Im-
age Wisely pledge, “to put my patient’s 
safety, health, and welfare first by op-
timizing imaging examinations to use 
only the radiation necessary to produce 
diagnostic quality images” (32,33). For 
radiologists and nuclear medicine phy-
sicians who still administer 99mTc-MAG3 
doses in the 300–370 MBq range, our 
results offer the rationale and opportu-
nity to substantially reduce the admin-
istered dose and effect a proportional 
reduction in the radiation dose to their 
patients.

Administered doses in the 300–370 
MBq (approximately 8–10 mCi) range 
are required to obtain 2-second flow 
images of the initial bolus as it transits 
the kidneys, but these high adminis-
tered doses do not improve the mea-
surement of relative renal function, and 
2-second flow images do not contribute 
to interpretation of renal examinations 
obtained in patients suspected of hav-
ing obstruction or RVH. In conclusion, 
administration of doses of 99mTc-MAG3 
in the range of 300–370 MBq (approx-
imately 8–10 mCi) does not improve 
imaging interpretation and results in 
excess radiation to the patient; the re-
sults of our study support limiting the 
administered activity to 37–185 MBq 
(1.0–5.0 mCi) as advocated by expert 
recommendations and existing guide-
lines (1,4,9,10,27–29).
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exists. The persistence of high admin-
istered doses of 99mTc-MAG3 is sup-
ported by results of recent publications 
(8,25,26) and the fact that most unit 
doses dispensed by the three major nu-
clear pharmacies in the Atlanta metro-
politan market are still in the 300–370 
MBq range. Atlanta is a large metro-
politan market and is likely representa-
tive of radiopharmaceutical practices of 
similar centers throughout the United 
States.

The concept of restricting admin-
istration to lower doses of 99mTc-MAG3 
(37–185 MBq) is supported by expert 
recommendations and recent guide-
lines (4,9,10,27–29). Of note, guide-
lines for suspected RVH recommend 
administering 37 MBq (1 mCi) for the 
baseline component of the 1-day proto-
col (15,16). An important implication 
of the 1-day protocol is that that both 
image quality and quantitative assess-
ment of the baseline imaging examina-
tion are considered to be acceptable 
after a very low dose administration 
of 37–74 MBq (1–2 mCi). More se-
nior radiologists and nuclear medicine 
physicians will remember when renal 
imaging examinations were performed 
with only 11.1 MBq (300 mCi) of iodine 
131-hippuran.

There were several limitations to 
our study. First, our results do not ap-
ply to patients referred for evaluation of 
renal transplants. Second, relative up-
take was calculated on the basis of the 
integral of counts in the kidney from 
1 to 2.5 minutes; there are other ap-
proaches to calculating relative uptake, 
and it is possible that one of these ap-
proaches may give different results for 
low and high levels of activities (30,31). 
Moreover, our conclusions were based 
on visual inspection of the radionuclide 
angiogram; it is conceivable that quan-
titative flow indexes generated after 
high administered doses might provide 
information that would affect the diag-
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support for this hypothesis would have 
to be demonstrated in well-designed 
studies before the routine administra-
tion of higher doses could be justified.
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